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TO THE READER. 



I HAVE laboured in the following compilation to con- 
vey to my readers as many facts as it was possible^ by 
the most careful condensation, to comprise within the 
compass prescribed to me. In the volumes on Animal 
and V^etable Physiology, those portions of oi^ganie 
chemistry will be ex^opfied which it was not possible 
to include in this.^ • • , 

To the student who'^ii^hes for further information on 
Chemical subjects I w;g]ald recommend the '* Elements 
of Chemistry" by Professor Kane, and also the works of 
Professors Graham, Daniell, Faraday, and Thomson, 
and Professor Gregory's edition of " Turner's Elements," 

W. Ralsioh Baxter. 
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CHEMISTRY. 



The object of Chemistry is to discover the elementary 
constituents^ of every compound body that can come 
under our notice ; to examine into the laws which 
regulate the union or separation of these constituents ; 
to observe their action upon each other^ and to define 
the results consequent upon that action^ as well as to 
mark the phenomena accompanying it. 

Fire^ air, earth, and water, constituted the elementary 
principles of the early philosophers. Sulphur, spirit, 
salt, oil, and earth, were subsequently regarded as the 
elementary principles. We are indebted to Lavoisier for 
the first clear enimciation of the true philosophy of the 
science ; the object of which he stated to be, in the first 
instance, to resolve the various compound bodies found 
in nature into others which resist our power, and which 
are termed undecompoundedy or simple substances^ 
without, however, determining that they are elements ; 
for the progress of science enables us to decompose bo- 
dies which had been looked upon by our predecessors 
as simple: and secondly, to effect the recombination 
of these simple, or apparently simple bodies, either in the 
same proportions, and thus reproduce the natural com- 
pound bodies, or in new proportions, and thus give ori- 
gin to bodies hitherto unknown. The first of these 
operations is termed analysis, the second synthesis, and 
every chemical process is conducted according to the 
principle of one or the other of the two ; and it some- 
times happens, that both are efiected successively or at 

B 



2 CHEMISTRY. 

the same time. Chemistry^ however^ has objects of a 
more useful and elevating character than can be said 
to exist in the mere consideration of the laws which 
r^ulate the composition of compound bodies ; such, for 
instance^ is its application to the arts and to medical 
science. 

The precise etymology of the word Chemistry is un- 
known : we find it first as xfifiela, denoting the art of 
making gold, as attempted by the Egyptians and 
others, who for five centuries followed up the delusive 
notion, to the prosecution of which we are indebted 
for many useful^ though accidental results. From Alex- 
andria it passed across the Mediterranean in the usual 
path of literature and science to Greece, and firom the 
Greeks it was taken up by the Arabians, who giving it 
a prefix peculiar to their tongue, lent it to the languages 
of modem Europe under the name of Akhem^y which 
finally resolved itself into Chemistry, 

GRAVITY AND COHESION. 

These are the physical forces which are of the greatest 
value in determining the peculiar characters of bodies ; 
they differ widely in principle and are applied to dis- 
tinctly different purposes. Gravity is common to matt^- 
in every form. It is exerted at all distances proximate 
and remote^ and forms the bond of union in our pla- 
netary system. Acting on the mass, it is a measure of 
the quantity of matter existing in any body^ and what 
is popularly denominated weight is merely the gravi- 
tating force exerted by the body weighed. 

Matter is indestructible ; we cannot annihilate it 
by any means. The quantity of matter remains the 
same though it may have passed through the most 
complicated processes, and may have assumed various 
phases. Thus the combined weight of bodies, which 
are the result of decomposition, is exactly equd to the 
weight of the original body whence they were derived 
or separated by chemical action. 
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Different bodies, occupying a similar extent of space^ 
have different quantities of matter. Bodies are said to be 
dense, in proportion to the quantity of gravitating matter 
they oontain in a given volume^ and when any one body 
is taken as a standard and the density of others is 
taken as compared with it, and duly calculated in 
numbers, what is called the specific gravity of these 
bodies is obtained. This being almost invariably uni- 
form in like bodies^ furnishes an important fact in their 
description, and a valuable means of recognising them. 
When we can accurately measure the volume of any 
body^ its specific gravity is a matter of easy discovery : 
if we take a bottle made to hold an ounce (480 grains) 
of water, it will hold 343 grains of sulphuric ether, 
or 885 grains of sulphuric acid. Taking water as the 
standard, and assuming its specific gravity to be 1000, 
the specific gravities of the other fluids may be propor- 
tioned thus : — 



Water 


. 480-1000 


Ether 


. 343- 715 


Sulphuric acid 


. 885-1845 



To save trouble the bottles in common use for this 
purpose are made to contain 1000 grains of distilled 
water, and when filled with any other fluid the weight 
gives at once the specific gravity. The specific gravity 
of a gas may be found by an analogous process. Instead 
of a bottle we use a glass globe^ with a stop-cock, made 
to hold from 20 to 30 cubic inches of air. The air 
having been removed by means of the air-pump^ the 
gas to be weighed is admitted in its stead, in a state 
either of perfect dryness, or quite saturated with mois-> 
ture. The volumes of air and gas being equals it is 
only requisite to find the relative weights, which when 
compared will give the specific gravity of the gas. 
Suppose the globe full of air to weigh 656 grains, when 
exhausted to weigh 647*5, and having received 28 cubic 
inches of carbonic acid gas, it weighs 660*3 grains. 

B 2 



4 CHEMISTRY. 

The air is found to have weighed S'5 grains, and the 
same volume 28 cubic inches of the gas, to have 
weighed 12*8> the densities ] are as S'5 to 12*8, and 
air being taken as 1000, the specific gravity of the gas 
is Iff X 1000=1-506. 

In taking the specific gravity of solids, an instance is 
furnished of the hydrostatic law, by which if a solid be 
plunged into a fluid the solid will lose as much of its 
weight as is equal to the weight of a similar bulk of the 
fluid. To ascertain the weight of the quantity of water 
equal to the bulk of a solid, we have only to weigh the 
solid first in air, and then in water ; in the last case it 
will lose some of its weight. The weight required to 
restore the equilibrium will be found equal to that of 
the water displaced by the immersion of the solid, and 
which was equal in bulk to the solid. Supposing the 
solid to lose by immersion one ounce in weight, the 
weight of the same bulk of water was one ounce, and 
assuming the weight of the solid in air to be six ounces^ 
it is clear that it weighed six times as much as the 
weight of its own bulk of water. The specific gravity 
in this case is marked as 6. The weight of water is taken 
as unity, and for the convenience of fractional computa- 
tion is set down as 1000. The volumes of bodies vary 
as their temperature and the pressure upon them vary, 
and in taking air and water as the standards, we assume 
the temperature to be 32 of Fahrenheit's scale, and the 
pressure to be equal to SO inches of mercury in the 
barometer. The operation of taking specific gravities, 
especially of gases, is one requiring very delicate manipu- 
lation, a precise description of which it is scarcely pos- 
sible or necessary to give, where general principles only 
are dealt with. 

DIVISIBILITY OF MATTER. 

Thb question as to the limited divisibility of matter, 
is one that has occupied the attention of philosophers 
in all ages. No experiment of mere mechanical divi- 
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sion has served to solve this prohlem ; for, using every 
means at our disposal, we can produce no particle so 
small as to be incapable of further division. The 
extreme divisibility of matter may be demonstrated 
in many ways. In the Riding of silver wire^ one 
grain of gold is extended over a surface of 1400 
square inches^ and as the gold upon the millionth part 
of a square inch is distinctly visible with the micros- 
cope, it is deduced that gold may be divided into particles 

^^ T'Trnf-iTrGisav ^^ ^ square inch, and still possess 
the general physical characters of a mass of the metal. 
Many examples of this nature may be given ; of these the 
following may be regarded as one of the best : Dissolve a 
portion of silver of 0*01 of a cubic line in size, in nitric 
acid, and it will render milky 500 cubic inches of a solu- 
tion of common salt. In this case the size of each particle 
of silver is rather less than a billionth of a cubic line, and 
it is computed that to reckon with a watch a billion of 
seconds, counting day and night, would require above 
31 years. Oiganic matter furnishes us with even more 
striking evidence of this divisibility ; one pound of flax 
has been spun into a thread of 1432 miles in length. 
Even this thread, though of extreme tenuity, must have 
been made up of more than one fibre, each containing a 
complex structure. The minute structures demonstrated 
by the microscope, are of a character still more astound- 
ing. These facts, however, merely prove the great divi- 
sibility of matter, and the belief in its finite divisibility 
now prevails amongst philosophers generally. WoUas- 
ton and Faraday have instituted experiments to prove 
limited divisibility. We know that our atmosphere 
does not extend beyond a distance of 45 miles from the 
earth's sur&ce. The particles of air, according to Dr. 
Wollaston, are balanced between their mutual repulsion 
and the general attraction toward the earth; now if 
these particles were divisible to an infinite degree there 
would be an infinite source of repulsive power, and at a 
certain distance this repulsion overcoming the gravita- 
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ting force^ the atmosphere would spread into space^ and 
being attracted to the other planets in proportion to their 
masses, would form around them atmospheres easily re- 
cognisable from their density. It is an established &ct^ 
that no such atmospheres e^tist, and thence WoUaston 
deduces, that the force of repulsion must have a limits 
and that the number of repelling particles cannot be 
infinite. Faraday drew similar conclusions from the 
fact, that bodies in evaporating form atmospheres above 
their surface of definite extent. But it is by no means 
conclusive that the particles of air in a given space are 
not infinite^ because there is |i limit to its elasticity. 

ATTRACTION AND REPULSION. 

Setting aside the question of divisibility, all masses 
of matter may be regarded as consisting of a number 
of particles. Upon these two distinct forces act. The 
first is attractive, and is termed the attraction of 
aggregation^ or cohesion ; the second is of an opposite 
character^ and is termed repulsion. The physical cha- 
racters of all substances are owing to the relative in- 
fluence of these forces. If one were to act unop- 
posed^ unconquerable hardness would everywhere exist ; 
if the other force entirely prevailed no form of matter 
but the gaseous could exist. The results of the action 
of heat are for the most part identical with repulsion. 
On the surface of the planet mercury^ the metal of that 
name would be converted into a gas^ and the metals 
found here in a solid form^ would there constitute molten 
seas. On the other hand^ the cold of the planet Her- 
schel^ which enjoys only l-400th part of the heat that 
our earth derives from the sun, would convert bodies 
which exist naturally here as liquids or gases, into 
masses of extreme density. The conditions of matter re- 
sulting from the influences of cohesion and repulsion are 
the solid, the gaseous, and the liquid. The first exist- 
ing where cohesion preponderates^ the second where re- 
pidsion acts uncontrolled, and the third where the forces 
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are balanced^ and the particles of matter^ under their 
combined action, move freely over each other. Most 
bodies are capable of assuming these three conditions by 
the increase or diminution of heat. By the application 
of heat a solid may be converted into a liquid, and by a 
further increment into a gas. The converse of the rule 
also will apply. We have not, however, been able to 
freeze alcohol, and charcoal has not been melted. 

Cohesion acts at insensible distances ; fragments of any 
metal placed in close proximity evince no disposition to 
unite, but if pressed together an union may occur. Plates 
of glass will adhere strongly if submitted to sufficient pres- 
sure, and if the clean-cut surfaces of two pieces of lead 
be pressed together it will require considerable weight to 
separate them. Cohesion gives to small portions of fluid 
^ the globular form, and also causes the adhesion of fluids 
to solids, except in cases where the cohesive force in 
fluids is sufficiently powerful to overcome this tendency, 
Bs when the finger is dipped into mercury. The phe- 
nomena of capillary attraction are the result of this 
cohesion of fluids to solids. 

Bodies are said to be compressible, when by the 
application of external force their volumes may be 
reduced in size; if, upon the removal of the force, 
they reassurae their former shape, they are said to 
be elastic Few bodies are perfectly elastic, and none 
entirely inelastic. The influence of pressure on solids 
and liquids is limited. The particles of gases being 
at greater distances from each other afford a consi- 
derable amount of compressibility, and the law in re- 
fer^ice to gases is, that their volumes vary inversely as 
the pressure upon them. Thus, suppose a gas to mea- 
sure 100 volumes under a pressure of 20 lbs., with a 
pressure of 80 lbs., the volume becomes 25 ; with a 
pressure of 40, a volume of 50 ; and so on. In all 
these cases due regard must be had to atmospheric 
pressure, as alterations are constantly occurring frt)m 
this cause. 
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The pressure exercised by the air is measured by 
the barometer, in the tube of which, a column of 
mercury opposes the pressure of the atmosphere, and 
varies in height as the atmospheric pressure varies. 
The height varies from 28 inches to 31, the averse 
being 29*8 inches. For convenience the whole numlMer 
30 is taken, and when volumes or specific gravities 
are stated, this pressure is understood. If the baro- 
meter do not stand at 80 inches, a calculation may 
be made by which the. volume may be calculated ac- 
cording to that standard. Thus, if we have 4-54 cubic 
inches of nitrogen gas, the barometer standing at 28*5 
inches, V denoting the volume at SO inches, we say, 
V : 28-5 : ; 4*54 ; so, or V = ^^ X 4-54 = 4-3 13. 
The weight of 100 cubic inches of nitrogen at SO inches 
being known, the weight of 4'S13 can be obtained with 
facility. To the rule of the volume being inversely as 
the pressure, there are exceptions. In many cases where 
the pressure is very great, the cohesive force is brought 
into play, and the volume decreases with a rapidity 
disproportioned to the rule above stated. Many gases 
have been reduced to the liquid state, by a pressure 
differing in amount for each gas. The following list 
will supply examples : — Nitrous oxide is reduced to a 
liquid, by a pressure of 44 atmospheres, or 660 pounds 
to the inch; carbonic acid, by 36 atmospheres; muri« 
atic, by 24 ; sulphuretted hydrogen, by 15 ; ammonia, by 
5; cyanogen, by 3; sulphurous add, by 2. Oxygen, 
hydrogen, and nitrogen, have been submitted to a pres- 
sure of 800 atmospheres, without being at all made to 
deviate from perfect elasticity ; but it is reasonable to 
suppose, that if we could only exercise sufficient pres- 
sure, they too might be rendered fluid. . 

Bodies are said to be sdvhle when the cohesion be- 
tween their particles and those of any fluid is greater 
than the cohesion existing between the particles of the 
solid. This solubility differs in degree in different 
bodies. Common salt is soluble in water, chalk is not ; 
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bat a link of connexion is formed between these ex- 
tremes^ by bodies possessing solubility to a greater or 
less extent; generally speaking, solubility is increased 
by the application of heat* During this process of solu- 
tion cold is usually produced, though sometimes a 
remarkable elimination of heat occurs, as when a salt 
deprived of the water chemically combined with it^ is 
dissolved. In this case, a portion of the water of solu- 
tion may be supposed to combine with the salt, and the 
heat resulting from, this combination will be sufficient to 
counteract the cold produced by the solution. 

When a fluid has overcome the cohesion of a solid to 
the full extent of its power, it is said to be saturated, — 
that is, the cohesive forces of the two are balanced. 

CRYSTALLIZATION. 

The cohesive power of solids is frequently exerted 
when they are in a state of solution, and the solids 
resolve themselves into certain forms characteristic 
of the substances to which they belong, and these 
are called crystals. When a substance is more solu- 
ble in a hot fluid than in a cold one, a saturated hot so- 
lution may be made, and the excess of the solid in this 
case will crystallize upon cooling. Crystals, however, 
are not the peculiar result of solution, for most bodies 
when cooling after a state of fusion assume a crystalline 
appearance. This may be exemplified by the following 
experiment : — melt some sulphur in a cup, and when 
a crust has been allowed to form on the top and sides by 
cooling, make two holes, and pour the fluid portion out 
of one opening while the air is entering at the other ; 
upon breaking the vessel the contents will be found to 
have formed beautiful crystals. Many substances when 
solidifying from a state of vapour assume the crystalline 
form, as benzoic acid, corrosive sublimate, &c. When 
the same body is crystallized in two ways, it assumes 
different shapes, and is called dimorphous. Slow cooling 
or spontaneous evaporation produces large and regular 
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ciystalsj and eryitallization takes place more rapidly 
in a pan with some roughness at the sides than in a 
smooth one. Threads are hung in the syrup when 
sugar-candy is being made to promote the crystalliza- 
tion ; and a crystal of the salt held in solution is fre- 
quently dropped in to form a nucleus^ round which other 
crystals aggregate. If more than one salt be held in 
solution the crystallization of any particular one may 
be promoted by dropping in a crystal of the salt, the 
crystallization of which^ from the solution^ is desired. 
Take^ for instance, a solution of equal parts of nitre 
and Glauber salt^ and place it in two dishes; by 
placii^ a crystal of nitre in one, similar crystals only 
will be produced^ and crystals of Glauber salt only 
will be produced by dropping in a crystal of that salt. 
A number of ssdts in solution may be separated 
also by their relative solubility. Thus, during the 
evaporation of sea-water conmion salt only wUl be 
crystallized, while the liquor boils away; remove it 
from the fire and Epsom salt will be formed ; let this be 
taken away and the mother-liquor, as the fluid is called, 
from which crystals have been obtained, will still be 
found to contain chloride and iodide of magnesium. 
Saturated solutions sometimes remain uncrystallized 
though reduced to a low temperature ; agitation, or the 
introduction of a crystal in such cases will produce sud- 
den crystallization, and often solidification. According to 
a general law, heat is evolved when a fluid or vapour 
becomes solid, and this rule obtains in all cases of crys- 
tallization. Light also is given out. The action of light 
has a very sensible effect in promoting crystallization, 
as will be seen by partially exposing a solution to the 
light, when the process will be almost entirely confined 
to that portion of the solution thus exposed. 

Each crystallizable substance has a form of crystal 
which characterises it. This is called the primary form ; 
and when this is departed from any different shape is 
called a secondary form. Carbonate of lime has been 
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found in above six hundred fonns, all resulting, however, 
from the primary rhombohadron. The departure from 
the primary form is caused by a greater deposition of 
particles on one side than on another^ and the change usu- 
ally occurs when an edge or angle is replaced by a plane 
surface. A cube is one of the simplest forms of Grystals 
(frg. 1). Substitute plane surfaces for the edges and a 
secondary form (%. 2) will be produced. Replace the 

l%r. L Fig. 2. 



■ 




solid angles by planes and we have another shape ("Rg, 
S) ; let these changes occur simultaneously and a stUl 
more comploK figure is made (fig. 4). Replace the edges 

Fig. 8. Fig. 4. 





of the cube until every trace of the original planes dis- 
appears and the rhombic dodecahedron (fig. 5) is pro- 
duced ; and if the solid angles be replaced by planes to 
a similar extent, a regular octohedron will be formed 
(fig. 6). When depositions take place upon the faces 
of a crystal, the cohesion between the particles of each 
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Fig. 5. Fig. 6. 




layer is greater than the cohesion between the layers. 
These layers may, therefore, be separated, and the direction 
in which this separation takes place is termed the cleav^ 
age, which serves to determine the primary form of the 
crystal under examination. All forms of crystals may 
be reduced to a few classes, by assuming them to be 
constructed around certain axes. Dr. Kane^ in his '< Ele- 
ments/' adopts six systems based upon this theory^ to 
one or other of which systems every crystal is referrible. 
When crystals are the result of accidental circumstances 
they are called pseitdomorpkous. When solutions of 
different kinds are mixed, modifications of form in the 
crystals will occur. In this case no chemical combina- 
tion exists^ as the union is merely mechanical^ and the 
quantity of each distinct body in the crystal is indefi- 
nite. The form of crystal is intermediate between the 
forms of the bodies when they are separate. To cause 
different bodies thus to crystallize together it is necessary 
that they should belong to the same system of crystals, 
and the forms also must closely resemble each other, thus 
offering a remarkable analogy to a law of organic nature. 

CHEMICAL PBOPEBTIES OF LIGHT. 

Light proceeds from luminous bodies in straight lines. 
When a ray of light falls upon any surfece it is either bent 
back or enters into the substance upon which it Mis. The 
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angle at which it falls upon any reflecting surface, and 
the angle at which it is reflected from it, are always equal. 
When light passes into the suhstance of a body it is said to 
be alf9orbed, and becomes invisible. When it passes through 
a body the body is said to be transparent. Bodies through 
^vrhich light cannot pass are called opaque^ and this opa- 
city is of two kinds, — ^when the light is absorbed the body 
upon which it &Ils being black, and when the light is 
reflected and the body is white. When the light is 
partly reflected and partly absorbed, varieties of colours 
are visible peculiar to the opaque bodies whence they 
emanate. When a ray is neither absorbed nor re* 
fleeted it is refracted ; that is, upon entering the 
refracting body, its direction is altered. Thus, an oar 
partly immersed in water appears bent at the surface of 
the water. The substance through which light moves 
is called a medium^ and as this is more or less dense the 
refraction is greater or less. Reflection, refraction, or ab- 
sorption, does not absolutely occur. Every body reflects 
light to some extent, and light passes through no body 
without undergoing some absorption. In general, light 
felling upon any body is partly reflected, partly absorbed, 
and partly transmitted, the proportions depending upon 
the nature of the body. Light is transmitted from lumi- 
nous bodies at the rate of 1 95,000 miles in a second, the 
light of the sun arriving at the earth in the space of eight 
minutes. The velocity of light is altered in passing 
through media of diflerent densities ; in general, the ve- 
locity is diminished in proportion to the density of the 
medium. Inflammable bodies usually possess high re^ 
fractive power. This fact led Sir Isaac Newton to regaid 
the diamond as combustible, and to prophesy that water 
would be found to possess an inflammable element. 
Certain bodies, however, which are not at all combus- 
tible possess high refractive powers. 

White light is composed of seven distinct colours. 
These are separable by a prism of glass placed before a 
ray admitted through a slit into a darkened chamber. 
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In passing through this prism the rays are refracted, and 
when thrown upon a screen beyond the prism are found 
to have different refrangibilities. The colours in the order 
of refirangibility are as follow : violet, indigo, blue, green, 
yellow, orange, red ; the violet being the moat, the red the 
least, refrangible. The accompanying diagram will give 
a dear idea both of the method of decomposing the solar 
light and of the results. 



Violet 

Indigo. 

Blue. 

Green. 

YeUow. 

Orange. 

Red. 




Beyond the violet ray another ray has been recently 
discovered by Herschel, of which he assumes the colour 
to be lavender. This ray cannot be a more subdued 
hue of violet, as it remains unchanged when concen- 
trated by a lens. Of the seven generally received pris- 
matic colours three only are deemed primary, — blue, red, 
and yellow, orange being a mixture of the extremes of 
the red and yellow, green of the yellow and blue, and 
indigo and violet of blue with red in excess. Blue, red, 
and yellow are spread over the whole surface of the 
spectrum in uneqmd quantities, for, if equal, no decompo- 
sition would take place. The colours of bodies depend 
upon the relative proportions of light absorbed and 
transmitted by them. An object seen by reflected light 
generally presents a different colour from the same object 
seen by transmitted light, for it often reflects to a con- 
siderable extent the light which it does not transmit. 
Solution of litmus by transmitted light has a reddish 
purple hue, and when seen by reflected light a pure 
blue* A ray of light is said to be polarized when it is 
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reflected from any surface at a particular angle and 
acquires certain properties which it had not previously* 
If the ray he made to fall upon a second reflecting sur- 
face, the effect will vary according to the position of the 
plane of the second reflected ray. The reflection is com- 
plete if it be in the same plane as the first ; but^ if at 
right angles, there is no light reflected, the quantity 
of light reflected in intermediate positions varies with 
the angle formed by the second with the original plane. 
In this case light is said to be polarized by reflection. 
Polarization may be effected also by other means. 

Light is usually associated with heat ; the sun is the 
common natural origin of both; and, in most cases, 
when li^t is produced artiflcially, it is connected with 
heat. Heat and light, however, are perfectly distinct 
and independent powers, and are separable from each 
other. Bodies become luminous when heated, and fric- 
tion is also a source of light, as when two pieces of sugar 
are rubbed together. Many bodies when exposed to the 
sun's light, after being made red hot, acquire the power 
of emitting light for some time in the dark, having 
probably absorbed the light. Such bodies are called 
jfkospkorescent Carbonate of lime is an example. Or- 
ganic substances phosphoresce in the early stages of de- 
cay ; flsh, for instance, and wood. This phosphorescence 
is owing to a slow process of combustion. For this the 
presence of atmospheric air or of oxygen is requisite, and 
it is retarded or promoted by all the means which in- 
fluence the chemical action of air upon organized bodies. 
The elimination of light from the glow-worm, the fire- 
fly, and from marine zoophytes, appears to be not so 
much a product of vital action as the result of a slow 
combustion of some peculiar animal secretion. 

Some substances are remarkable for the facility with 
which they are decomposed by the action of light : amongst 
them may be named the salts of silver, of gold, of pla- 
tinum, and some salts of mercury. Vegetable and 
animal substances, in a vast many cases, are strongly 
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affected by the influence of the solar rays. Light is 
absolutely requisite for the development of some colours, 
while most are quite destroyed by its action. This, which 
is termed the chemical property of light, is found to exist 
at the violet extremity of the prismatic spectrum, and 
is exercised in the greatest intensity beyond the lumi- 
nous space, including the lavender ray of Herschel. It 
has been thought that- the red rays of the spectrum wer& 
possessed of chemical properties, opposed to those of the 
violet. Of this no conclusive proof exists. It is certain 
that in all solar light there exist three distinct sets of 
rays, one possessing luminous properties, another radiant 
heat, and a third chemical influence, without any admix- 
ture of 'the former two. 

HEAT. 

That all bodies, solid, liquid, and aeriform, contain 
heat, is a matter of easy demonstration. Strike a piece 
of soft iron with a hammer for some minutes and it will 
become hot. A common mode of producing Are amongst 
savage nations, is by the friction of two pieces of diy 
wood, and even if two pieces of ice be rubbed against 
each other they will melt. Considerable heat is evolved 
by the mixture of sulphuric acid and water. Heat also 
exists in air, as may be demonstrated by a simple expe- 
riment. Take a brass tube, with a piston made to fit it 
closely, so that no air may escape, place a small bit of dry 
agaric (vegetable fungus) in the tube, and by a smart 
stroke upon the piston compress the air in the tube sud- 
denly, and the heat evolved will be sufficient to set fire to 
the agaric By a mixture of phosphorated hydrogen and 
oxygen, flame is immediately produced. In all pheno- 
mena resulting from chemical action heat exerts a most 
important and general influence. The forces of repulsion 
and heat, generally speaking, are similar, or the one is a 
direct result, in most cases, of the other. 

Expansion, or the removal of the ultimate molecules 
of matter to a greater distance from each other, is a conse- 
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quence of heat. In the case of gases this expansive force 
is opposed by no cohesive power, and certain increments 
of heat produce a like increase of volume in every instance. 
The expansion which takes place in solids and fluids is 
modified by the cohesive force of each, and the degree 
of expansion is^ of course^ liable to differ, each separate 
body having a capacity peculiar to itself. The succes- 
sive quantities of heat which bodies, receive are estimated 
by the thermometer and pyrometer. 

The word temperature has reference only to the ex- 
}>anding power existing in a body, and not to the amount 
of heat it may contain. If any number of bodies produce 
the same degree of expansion when applied to the ther- 
mometer^ we say they have the same temperature, with- 
out meaning to note the exact quantity of heat each may 
contain. The thermometer and pyrometer are, therefore, 
measures of temperature and not of heat. To calculate 
the expansion of gases the '' air thermometer" is used. 
The fluids whose expansion is generally resorted to, 
to measure temperature, are alcohol and mercury, their 
expansion being much less than that of air. Alcohol, in 
being raised from the melting point of ice to its own boil- 
ii^ point expands 1^9 air^ under similar circumstances, 
-fij5> about 3^ times as much as alcohol. Mercury, in 
being raised &om the melting point of ice to the boiling 
point of water, expands about -j-^^^, about -^j^ of the quan- 
tity of air. Alcohol, as it cannot be frozen, is well calcu- 
lated to measure low temperatures. Mercury has a wide 
range of temperatures, as it requires an intense cold to 
freeze it, and boils only at a red heat ; its expansion, 
also, in the thermometer is in due proportion to that of 
the tube, and its indications are, therefore, accurate. 

In making a thermometer it is absolutely necessary 
that the caliber of the tube should be perfectly equal, for 
otherwise the degrees of expansion could not be mea- 
Bined with acciuracy. By moving a small quantity of 
mercury up and down the tube, it will be easily dis- 
covered if any inequality exist, as, in that case, it will 

c 
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not occupy similar lengths of space. A proper tube 
being found, one end is closed, and a bulb blown on. it ; 
a bulb is also formed at the open end, the interval being 
longer than the instrument is intended to be, the entire 
being heated, the open end is plunged into pure recently 
boiled mercury and allowed to remain till cold. The 
expanded air within the tube contracts, and mercuiy is 
forced into the space to supply its place by the pressure 
of the external air. This process is repeated until the 
bulb at the closed end is filled. When sufficient mer- 
cury has been introduced the open end of the tube is 
closed to exclude dust, by a little sealing-wax, and the 
tube is allowed to cool with the first bulb down. When 
it has completely cooled it is agam heated to the highest 
degree which it is intended to indicate, and the flame of 
a blow-pipe being directed upon the second bulb it is 
melted and permanently closed. Between this end of 
the tube and the surface of the mercury a vacuum ex- 
ists when the mercury and tube have cooled. A scale 
must now be applied. The simplest scale is called the 
centigrade scale, which is in general use in France and 
Germany. This ranges from the melting point of ice 
which is marked 0^ to the boiling point of water, which 
is marked 100". The scale in use in this country is 
that of Fahrenheit, upon which the fi:eezing point of 
water is marked 32°, and the boiHng point 212**. The 
lowest temperature he could find was by a mixture of 
snow and salt ; and this he regarded as zero, erroneously 
thinking that below this point bodies were destitute of 
all heat. Another scale is in use, but is not so popular 
as either of the other two. This is the scale of Reau- 
mur, upon which the melting point of ice is marked 0**, 
and the boiling point of water 80''. In making a scale, 
it will be necessary to remember, that water when per- 
fectly at rest, and in smooth vessels, may be reduced to 
a much lower temperature than 32\ Ice, in all cases, 
however, melts at 32", and the bulb may be plung- 
ed into a mixture of ice and water. The first fixed 
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point on the scale may be thus accurately marked. To 
ascertain the second it will be necessary to consult 
the barometer^ as the boiling point of a fluid varies 
with the degree of pressure upon its surface. If the 
mercury in the barometer do not stand at 30 inches, 
a correction must be made for any difference of height 
at the time the boiling point is taken. In taking the 
boiling point of water, it must be made to boil in a 
metallic vessel, as water in glass or porcelain vessels has 
its boiling point raised. If the thermometer be intended 
for chemical purposes, the bulb and a small portion of 
the stem only should be immersed. The two fixed 
points being thus determined^ the interval is to be di- 
vided into 180 equal parts, and 32 parts of similar 
length to these must be counted downward from the 
melting point of ice to indicate the zero. As we can 
obtain a much lower degree of cold than Fahrenheit did, 
we count downward, prefixing the — minus sign, thus : 
— 39°, or 39° below zero is the freezing point of quick- 
silver. The centigrade scale is constructed on a similar 
principle. Before constructing the scale the tube should 
be set aside for some weeks, as from the vacuum exist- 
ing above the mercury the bulb yields a little to the 
pressure of the atmosphere, and pushes the mercury 
higher up in the tube. A degree of Fahrenheit is equal 
to ^ of a degree in the centigrade scale, and to reduce 
any degree of the centigrade to a corresponding one of 
Fahrenheit, it is to be multiplied by 9, and divided by 
5, To reduce from Fahrenheit's to the centigrade scale, 
multiply by 5, and divide by 9. In reducing from the 
centigrade to Fahrenheit's scale, we must add 32°, the 
0° of centigrade being equivalent to 32° of Fahrenheit. 
In reducing Fahrenheit's to the centigrade, we subtract 
32°. Thus 167" of Fahrenheit correspond to 75'' cen- 
tigrade ; for 

167°-S2=185, and 135x^=75° 
To reduce 65"* centigrade to Fahrenheit, we calculate 

65° xf =117° and 117°-h32=sl49° 

c 2 
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of Fahrenheit. The scale of Reaumur is to the centi- 
grade as 4 to 5 ; and reductions may be made on a 
similar principle. The range of temperature that may 
be calculated with the mercurial thermometer is from 
39^ to 630°. The means of estimating temperatures 
above this point are not so certain as for lower tempera- 
tures. The instruments constructed for the purpose of 
determining higher temperatures are called pyrometers. 
Of these the most recent and the best is the invention of 
Professor Daniell ; the indications in this instrument are 
made by the excess of expansion of an iron bar over the 
expansion of a black lead case, in which it is enclosed. 
With this instrument Professor Daniell has determined 
the freezing points of many important metals, and also 
several temperatures at which remarkable phenomena 
occur ; the subjoined list of temperatures calculated by 
Fahrenheit's scale will be found interesting if not 
useful : 

— 135° The greatest cold that can be produced. 

— 1^1"^ The solid compound of alcohol and carbonic 
acid melts. 

— 91° The greatest cold that can be produced by 

ordinary freezing mixtures. 
— 60° Greatest cold observed in the arctic regions. 

— 58° Temperature of the planetary spaces. 
— 47° Sulphuric ether congeals. 

— 45° Nitric acid congeals. 
—39° Mercury congeals. 
1° Oil of vitriol freezes. 
14° Oil of turpentine freezes. 
20° Wine .reezes. 
25° Blood freezes. 
32° Ice melts. 
36° Olive oil freezes. 
98° Blood heat. 
108° Phosphorus melts. 
174° Alcohol boils. 
201° Rose's metal melts. 
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21 1° Newton's metal melts. 

212° Water boils. 

218'' Sulphur melts. 

662** Mercury boUs. 

810° Antimony melts. 

980° Red heat. 

1 141° Heat of a common fire. 

1869° Brass melts. 

1873° Silver melts. 

1996° Copper melts. 

2200° Gold melts. 

2786° Cast-iron melts. 

EXPANSION OF GASES. 

The precise amount of dilatation in gases was first 
ascertained by Dalton and Gay Lussac about the same 
time. From the experiments conducted by these phi- 
losophers, and also by Dulong^ it appears, that 1000 
volumes of air when heated fix>m 32° to 212° became 
1375", and that the change was in proportion for higher 
or lower temperatures. The results obtained by Dalton 
and Gay Lussac^ however, have been submitted to 
rigid examination by Rudberg, who has found that this 
rate of expansion is too great, and that a volume of air 
in being heated from 32° to 212° expands firom 1000° 
to 1365°. In every experiment upon gaseous mixtures^ 
the expansion of air must be included: for^ as all gases 
expand alike^ and as the vapours even of bodies such 
as camphor and corrosive sublimate, which are least vo- 
latile^ expand^ in their elastic form^ as gases do, their 
volumes are corrected for temperature and pressure in 
the same manner. In determining the specific gravity 
of a vapour^ it is customary to reduce it to the same 
standard as that of gases, namely, air at 32° ; even 
when the substance at 32° may produce no sensible 
vapour, for it is assumed that the vapour in cooling to 32° 
should be governed by the same law as common air. 
If we have 155 cubic inches of hydrogen gas at 142° F. 
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and that we wish to know the volume at dS% we 8ay» 
that as 14T is 110'' above 32% the 155 cubic inches 
are equal to the volume at 32", and in addition to -|-^ 
of it, that being the quantity by which it is expanded 
from 32° to 142\ Denoting the volume at 32" by V 
there is the equation 

155=V + V m or V=-}^;i4g= 129-5. 

129*5 cubic inches are therefore the volume at 32\ If 
we wish to ascertain what the volume of a gas at a Iotv 
temperature should be at 32% we adopt the same plan^ 
but adding instead of subtracting the amount of expan- 
sion to the original volume. 

When air is heated its volume is increased and 
ascends with a velocity proportioned to its specific light- 
ness compared to cold air : it is owing to this principle 
that heavy dark smoke ascends through chimneys, and 
that a ciurent of heated air is felt over every burning 
candle^ and that in crowded theatres and such places, 
the upper space is found to be much warmer than the 
lower. The ascent of heated air causes the draught in 
fire-places, which supplies the fresh air necessary for 
combustion. The rapidity of combustion is proportioned 
to the supply of air, and as this supply may be regu- 
lated by promoting or retarding the ascent of the heated 
air, the construction and management of flues furnish us 
with means of regulating the intensity of fires. The 
Mongolfier, or fire balloon, is nothing more than a bag of 
air rarefied by heat. 

EXPANSION OP LIQUIDS. 

Each liquid has an expansibility proper to itself 
unlike gases to which one rule applies, and the rate of 
expansion differs with the degrees of temperature, beidg 
greater in the higher portions of the scale. The expan- 
sibility of fluids is greater than that of solids, and less 
than that of gases. The following list affords an in- 
stance of the different expansion of various fluids in 
passing through 180° of Fahrenheit's thermometer. 
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Alcohol expands -^ Oil of turpentine -^ 

Nitric acid „ ^ Sulphuric acid ^^ 

Fixed oils ,, -^ Water „ ^ 

Sulphuric ether -^^ Mercury „ -^ 

By a reduction of temperature liquids will be made 
to contract, and many liquids possess the property of 
contracting only to a certain point, below which they 
expand if the cooling be continued. The point of ex- 
treme contraction is called the point of maximum den- 
sity. This property was at one time supposed to be 
peculiar to water. Other fluids, however, are found to 
possess it. But though these fluids possess it in a more 
remarkable degree, the phenomenon is of most import- 
ance in water from the beneficial nature of the results. 
Experiment has decided the maximum density of water 
to be at 39° of Fahrenheit. Water below that temper- 
ature if heated contracts, and expands if heated above 
it; when cooled from above it, it contracts; when 
cooled below it, it expands ; thus the specific gravity of 
water at 46", and at 32° is the same. By this property 
of water the solidification of lakes and rivers is pre- 
vented ; for when the water at the surface is cooled 
below 39*8° F., it expands, and being specifically 
lighter than the water below it, floats on the top, thus 
serving as a screen to the mass which it covers, and, 
being a bad conductor, preventing the loss of that heat 
which is necessary to preserve the vast amount of life 
subsisting in the waters underneath. The fact so 
familiarly known, that ice will float upon the surface of 
water is accounted for by this principle, and it serves to 
this end. If it were otherwise, the inconvenience that 
must result is obvious, and would be irremediable, owing 
to the bad conducting power of water ; it being so bad, 
that the very existence of such a power has been doubted. 

EXPANSION OP SOLIDS. 

The expansion of solids is less than that of liquids, 
and in like manner is not uniform. The expansion of 
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solids, though small, is easily demonstrable by experi- 
ment. A pieee of iron which, when cold, will exactly 
fit into a certain space, will, when heated, be too large 
to fit into the same space. This fact is turned to ac- 
count in various ways. In shoeing carriage- wheels for 
instance, the iron is put on while expanded by heat^ 
and its contraction serves at once to keep it in its proper 
position, and to brace the wheel. The walls of buildings 
which have evinced a tendency to ML away firom each 
other, have been reduced to their original positions, by 
the application of this property in iron bturs ; and, in 
many instances, portions of buildings to which addi- 
tional security was intended to be given by iron clamps, 
have been torn asunder by their repeated expansion 
and contraction under the successive influences of heat 
and cold. A variety of instruments have been invented 
for measuring the expansibility of different solids. Of 
these, it will be sufficient to describe the one repre- 
sented in the accompanying cut ; a bi& the bar, the ex- 




pansion of which is to be ascertained. It is fastened firmly 
at a, and at b rests in a groove, along which it is free to 



CHEMISTRY. S5 

• 

move. This end of the bar presses against a vertical 
rod, Cy which is a lever of the second order, very near 
the fiilcnun, and this transfers its motion to the end of 
the lever, increased in the initio of the distance. This 
lever acts on a similar one, d, the extremity of which 
serves as an index on a graduated arc, e, upon which 
the amount of expansion is read off. Thus, if the acting 
length of the arms of the levers are respectively 1 and 
20, and that the bar a d moves -j-^^j^ of an inch, the 
end of the index d will move on the scale e y^^^ = -J'^r 
of an inch, a space capable of being divided by a micro- 
scope and vernier into 200 measurable spaces, so that 
the expansion of the two hundred-thousandth of an inch 
can be determined with accuracy. For popular illustra- 
tion, the heat may be applied by lamps, as represented 
in the engraving, but for very nice calculations the bar 
is immersed in oil or water. The following are some of 
the results obtained in this way. The temperature 
being raised from 32° to 212°, bars of the following solids 
increase in length : — 

Glass varies from -j-jJg^ to -j-^ 
Copper increases ^^ 
Brass „ yl^ 

Soft iron „ ^ 
Steel „ ^y 

Silver „ ^ 

Lead „ ^, 

The increase m length is called the linear dilatation ; 
the increase in volume, the cubical, which is three times 
that of the linear. 

SPECIFIC HEAT. 

The relative amount of heat necessary to raise the 
temperature of any body, through a certain number of 
degrees, is termed its specific keat* If we take two 
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pints of water, one at 50° F., the other at 150"* F., and 
mix them in a very thin vessel, the temperature of the 
mixture will be 100". Thus it is apparent, that one 
part of water imparted to another as much heat as 
was necessary to raise its temperature by 50^ If we 
take a pint of water at 150^ and a pint of mercury at 
^O"", and mix them intimately, we find the temperature 
of the mixture to be 118^ The mercury rises from 50° 
to 1 18°, the water cools through 32° nearly half as much, 
whence it appears that the same amount of heat can 
raise the temperature of mercury through twice as many 
degrees as that of water. With equal volumes the spe- 
cific heats of water and mercury are as 68 : 32, or water 
being taken as the standard for liquids and solids, and its 
specific heat taken as unity, the specific heat of mercury 
is nearly 0*47. Such bodies are generally taken in 
equal weights, and not volumes, and in the case of mer- 
cury the 0'47 must be divided by 13*5, the spedfic 
gravity of mercury, and 0*035 its specific heat is ob- 
tained. This manner of determining the specific heats 
of bodies is called the " method of mixtures," and though 
liable to error from the absorption of heat by the vessel, 
it is capable of great accuracy, and, in the hands of 
Regnault, has recently yielded results of great value to 
science, owing to the improvements made in its details 
by this skilful manipulator. In using the method of 
mixtures, it is not necessary that the two bodies be 
liquid. If a pound of solid copper be heated in an oil 
bath to 300°, and be then immersed in a pound of water 
at 50°, the copper will give out its excess of heat to the 
water, and both will arrive at a temperature of 7^°. 
The copper has lost 228°, and the water has gained 22°. 
The specific heat of copper is, therefore, -^-^-^ ^n 0*096, 
water being 1*000. One plan adopted by Dulong and 
Petit, for ascertaining specific heats, was to heat to the 
same degree the bodies to be tried, and then allow them 
to cool under the same circumstances. Now, it is evi- 
dent we can calculate how much heat a body parts with. 
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if vie know its rate of cooling, or the time it takes to 
cool. Thus, if we have two bodies at a temperature of 
300% and that one requires 15 minutes to cool to 50**, 
and the other 25 minutes, the latter will have parted 
^with more heat in the ratio of 25 to 15. The sub- 
stances possessing high specific heats require more time 
to heat or cool than those having low specific heats. 
By a process analogous to this, Boerhaave first disco* 
vexed the relative specific heats of bodies. Having ob- 
served that, when two thin glass vessels, one containing 
a pound of water, the other a pound of mercury, were 
placed before a fire, the temperature of the mercury rose 
much more rapidly than that of the water, and that it 
attained its highest degree in one-half of the time required 
by the water ; and, also, when both equally heated were 
removed from the fire, the mercury cooled twice as fast. 

The specific heats of bodies are not the same at all 
temperatures, they increase vnth the temperature, and, 
according to Nauman and Regnault, this rule appUes to 
water also. 

When chemical combination takes place, a diminution 
of specific heat attends it, and by this means is caused 
the rise of temperature which generally accompanies che- 
mical combination ; as for instance, when sulphuric acid 
and water are mixed, in which case a temperature higher 
than that of boiling water is produced. 

Considerable attention has been given to the specific 
heat of gases by many philosophers : the most successful 
of these is Dr. Apjohn of Dublin. The results of their 
investigations, however, are not of a nature so certain 
or important as to require an examination here. When 
the Toliune of a gas or of a vapour increases, its specific 
heat increases, and vice versa. Considerable heat is 
evolved by the sudden condensation of air, and when 
air suddenly expands, so great a degree of cold is pro- 
duced that water may be frozen. 
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LIQUEFACTION. 

The melting point of any solid is an important cha- 
racteristic, and oflen serves to distinguish bodies^ having 
similar qualities in other respects. The change from 
the solid to the liquid state is accompanied by a peculiar 
phenomenon. At the moment of liquefaction a large 
amount of heat disappears, and cannot be recognised by 
the most delicate thermometer. This is called latent 
heat, A pound of ice at S2% and a pound of water 
at S2% have the same effect on the thermometer ^ 
but the water contains a quantity of heat in excess 
over that which ice contains, and by losing which 
heat it would be converted into ice. If we add a pound 
of ice at 32*^ to a pound of water at 172% the tem- 
perature, when the ice is melted, will be reduced to 32"^* 
In this case 140 degrees of heat have disappeared. This 
heat has been absorbed by the ice in becoming water^ 
and it is, therefore, assumed that the latent heat of 
liquid water is 140°. A vessel of water at 52% if 
exposed to air below the freezing point, will cool until it 
arrives at 32% when it begins to freeze ; and until it is 
reduced to a mass of solid ice, no sensible loss of heat 
occurs, though it must still be giving out heat as when 
it was cooling from 52"* to S2'' ; this heat being required 
to give it the liquid form. If the water had taken ten 
minutes to cool from 52° to 32°, it will require an hour 
and ten minutes to be frozen, and in the same time it 
loses the same amount of heat, the air around it remain- 
ing equally cold, the latent heat is 20° x 7 = 140°, as 
in the other experiment. Again, if a pound of ice and 
a pound of water, both at 32°, be exposed to the same 
heat, the water will have attained a temperature of 
172° by the time the ice has melted. 

Water, of all liquids, contains the greatest amount of 
latent heat, and changes from the liquid to the solid 
state most slowly, and ice, of all solids, requires most 
heat to liquefy. By this slow transition, in both cases the 
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changes of seasons are made less sudden than they other- 
wise would be. If water passed from 32° to 31°, and 
became solid, by losing only the same amount of heat as 
it gives out in cooling from SS'' to 82**, the changes of 
seasons would be so rapid and imcertain as to frustrate 
all agricultural purposes, and from sudden vicissitudes of 
heat and cold, become very injurious to animal life. 
But, in the actual state of the matter, each particle of 
water in freezing gives out heat to all around, and thus 
mitigates the intensity of the cold. The quantity of 
water frozen is comparatively small, and where a sudden 
lique&ction would prove injurious to organic existence 
generally, the ice and snow in returning to a fluid state 
absorb all excess of heat, and thus render the change 
gradual. Water and most substances which crystallize 
with facility generally expand in becoming solid. 
Water can exert a tremendous force in this way ; for, if 
enclosed in the strongest vessels, it will burst them by 
the expansion it exerts whilst freezing. To this force 
we owe the formation of soils from the detrition of rocks. 
Water finding its way into the pores, chinks, and cavi- 
ties of rocks, will there become frozen, and separate the 
particles of the rocks. This process going on succes- 
sively generates the soft and porous soil suited to the 
germination of seeds and growth of plants. It is by this 
expansive property of certain bodies that we are enabled 
to take casts from the moulds into which these bodies 
are poured in a state of fluidity. By virtue of this pro- 
perty, cast iron, antimony, the alloy of antimony from 
which printers' type is made, the aUoy used for stereo- 
type plates, brass, bronze, &c., take accurate impressions 
of the Bur&ces they are placed in contact with while in a 
fluid state ; gold, silver, and copper, on the contrary, do 
not distinctly crystallize, and the impressions made upon 
them are the result of external force, as in coining. 

The freezing point of water may be lowered consider- 
ably by the addition of salts or vegetable acids. When 
any mixture of this kind is reduced to the freezing point 
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pure ice or crystallized water is first formed ; for in- 
stance the icebergs of the Polar seas are almost completely 
formed of fresh water. This principle has been practi- 
cally applied in concentrating lemon-juice and vinegar^ 
the water of the diluted acid being converted into ice 
upon the sides of the vessel, the central part is filled 
with the concentrated acid : upon the principle of latent 
heat artificial cold is produced ; for when a solid body 
becomes fluid without the application of heat, the heat 
required for liquefaction must be derived firom the sur- 
rounding bodies, the temperature of which, along with 
that of the body liquefied, is reduced. Thus, when 
salts are dissolved in water without chemical combina- 
tion cold is produced ; by a mixture of nitrate of am- 
monia with an equal weight of water the thermometer 
will sink through 46** ; carbonate of soda mixed with 
thrice its weight of water will reduce the temperature 
16** ; and sulphate of soda mixed with thrice its weight 
of water will reduce the temperature 12**. More power- 
ful effects are produced by mixing two salts, where, by 
double decomposition, those soluble substances may be 
formed; thus, nitre and sal ammoniac form nitrate of 
ammonia, and cause a reduction of 40" in temperature, 
which neither could do separately. When water of crys- 
tallization is set free, and suddenly liquefies, cold is pro- 
duced ; thus, when sulphate of soda in crystals is mixed 
Avith muriatic acid, bi-sulphate of soda and chloride of 
sodium are formed, with which only ^ of the water of 
crystallization remains ; the other ^ being set free, take 
from the surrounding bodies the heat necessary for their 
liquefaction, producing a depression of temperature 
through 50**. 

Still greater cold may be produced by the use of 
pounded ice or snow. The greatest cold produced is 
when a substance is used which contains a large quan- 
tity of water in combination with it. Crystallized 
chloride of calcium, for instance, holds half its weight 
of water in combination, and when mixed with an 
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equal wdight of snow^ the whole becomes liquid, and 
the heat rendered latent is large in proportion. By the 
combination of freezing mixtures, intense cold may be 
produced, a depression of temperature so low as — 91° F. 
having been obtained in this way. 

Thm are many instances of heat being evolved from 
solid bodies, of which we cannot positively state the 
source, though we may regard it as having been latent, 
as when heat is produced irom the friction of two pieces 
of wood against each other. The most feasible way of 
accounting for the heat thus developed, is to assume, 
that as the specific heat of bodies becomes less as they 
become more dense, so by the compression resulting 
from friction heat is rendered sensible. 

VAPORIZATION. 

Most fusible bodies are converted into vapour by the 
application of a higher degree of heat than is required for 
fluidity. This transition may take place either slowly 
and silently, or with rapidity and violence, that is to say, 
by evaporation or by boUing. Evaporation may take place 
at any temperature, but boiling can take place only at 
certain temperatures depending upon the nature of the 
body and the pressure existing over its surface. When 
a liqmd is converted into vapour, heat is rendered latent 
even to a greater degree than when a solid is converted 
into a liquid. Suppose the temperature of a cup of water 
to be 62°, and that at the end of six minutes it began to 
boil, having risen to 21 2'', in each minute there entered 
the water a quantity of heat sufficient to raise its tem- 
perature 25°. It will require the application of the same 
heat during 40 minutes to boil away all the water, and 
as in each minute there enters heat enough to raise 
the temperature of the same weight of water 25°, the 
entire amount of heat absorbed by the water, in being 
converted into vapour, would have raised its tempera- 
ture, had it remained liquid, 25° x 40" = 1000°, or 
to a red heat. But the temperature of the vapour or 
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steam so formed remains 212% and all this heat is 
therefore rendered latent. This fact is turned to ac- 
count in wanning apartments hy conducting steam 
through a series of pipes. The steam is condensed as it 
is brought into contact with cooling surfaces, thus giving 
out its latent heat, and returns in a fluid state to the 
boiler to be again converted into vapour. In the conver* 
sion of liquid into vapour, the volume is increased to a 
great degree. The amount of increase in a few cases is 
furnished in the following table. 
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water -=1000. 


point. 


boiling 
point. 


212®. 


vapottr. 


Water 


1000 


2120 


1696 


1696 


620 


Alcohol 


907 


1720 


488 


519 


1601 


Ether 


715 


97° 


240 


289 


2383 


Oil of Turpentine 


867 


3150 


221 


192 


4763 


Mercury 


13,500 


660° 


3395 


1938 


6969 



Vaporization occurs at all temperatures : the coldest 
water is capable of forming vapour ; even ice will evapo- 
rate without previously being melted, and snow will 
disappear when the air is below the melting point and 
the influence of the sun's rays shut out. Camphor 
evaporates without melting, and arsenic is converted 
from a solid to a vapour without intermediate fluidity. 
That which is termed the elasticity of a vapour, is 
the pressure it exercises, owing to the mutual repulsion 
of its particles. 

The phenomenon of boiling arises from the fact, that 
the elasticity of the vapour balances the pressure of the 
air whilst the bubble is passing through the fluid. If 
the pressure of the air be equal to more than that of 30 
inches of mercury, water will not boil at 212°, as the 
elasticity of the steam formed does not balance the 
pressure. Before the actual process of boiling occurs^ the 
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"Water in contact with the vessel is converted into steam 
and forms a number of bubbles. When these are sepa- 
rated from the hot surface of the vessel, they are imme- 
^iiately burst by the greater external pressure, and thus 
tlirowing the water into very rapid and uniform vibra- 
tions, produce a musical effect: to this is attributable 
the singing of a kettle on the fire. 

The elasticity of vapour increases with the temperature. 
The vapour of water which exereises a pressure at 212® 
equal to 1 atmosphere, at 398° exerts a pressure equiva- 
leat to 16 atmospheres, each atmosphere being equal to a 
column of mereury 30 inches high. This increase of the 
elasticity of steam does not result from the expansion of 
steam already formed, but from the constant addition of 
new portions of steam, which by itself expands in the 
same ratio with air and other gases. 

The principle of volatilization at all ordinary tempera- 
tures applies to bodies very sparingly volatile. The space 
above the mereury in barometers is not a true vacuum, 
as it contains vapour of mercuiy, which exerts a certain 
pressure, making the pressure of the external air appear 
less than it actually is. The boiling points of fluids vary 
with the pressure upon their surfaces. If the' barometer 
stood at 23*64, water would boil at 200°, less by 1 2 
than its ordinary boiling point. The connexion between 
pressure and the boiling point is so intimate, that the 
height of any place above the level of the sea may be 
ascertained by the temperature at which water boils there. 
On the summit of Mont Blanc, water boils at 184°. 

By reducing the amount of pressure the boiling point 
of any fluid may be lowered. In the exhausted receiver 
of an air-pump, fluids may be made to boil 145° below 
their ordinary boiling points. Under these circum- 
stances water will boil at 67^ alcohol at 32°, and ether 
at the freezing point of mercury. When a fluid is 
boiling under these conditions, if the working of the air- 
pump be suddenly stopped, the vapour will accumulate, 
and thus by its pressure make the ebullition to cease. 

D 
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This principle may be illustrated by a fiuniliar experi- 
ment : take a flask half filled with water^ and make the 
water boil till all the air is expelled ; then cork it tightly, 
invert the flask, and the part uppermost will be filled 
with vapour, the pressure of whidi upon the surface of 
the water prevents its ebuUition ; let a jet of cold water 
play upon that part of the flask occupied by the steam ; 
the condensation of the vapour removes the pressure, 
and the water boils afresh : if a jet of warm water be 
then employed, the vapour retains its elastic shape, and, 
exerting its usual pressure, the water is made to cease 
boiling. 

Other circumstances also will affect the boiling point. 
In a glass vessel, or in a glazed porcelain vessel, water 
boils at 214°. Metallic vessels appear to promote ebul- 
lition by the small irregularities upon their surfaces, 
affording the steam points at which to form. If the 
surface of glass be scratched with a diamond the bubbles 
of steam will be seen to form at the roughened part, be- 
fore the general mass of the water boils. The tempera- 
ture of steam is not affected by the boiling point of the 
water producing it ; for though the boiling point of water 
may be raised to 264*^, by Uie addition of certain salts, 
the temperature of the steam will be 212^. 

Intense cold may be produced at ordinary temperatures 
by the conversion of liquids into vapour ; the cold which 
is felt when ether or spirits of wine is dropped on the 
skin is referable to this cause. Pour some ether into a 
thin, shallow metallic cup, and place it on a glass vessel 
containing water, by producing the rapid evaporation of 
the ether in the receiver of an air-piunp, the water may 
be frozen. Water may be frozen by its own evaporation: 
the Cryophorus, an instrument made to exhibit this fact, 
consists of a tube with a bulb at each end, containing 
some water ; the air is carefully expelled by boiling, be- 
fore the instrument is closed, so that the space not occu- 
pied by water is filled by watery vapour. If all the 
water be brought into one bulb, and the other bulb be 
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plunged into a freezmg mixture, this vapour will condens^, 
and, new vapour being formed, a disjtillation will take 
place from one end to the other. The vapour thus 
fonned must derive its latent heat firom the water in 
the warmer bulb, which ultimately freezes ; the latent 
beat of watery vapour at S2° being about eight times 
the amount of that of water. Even without the applica- 
tion of cold, water may be frozen by its own evaporation. 
If we place two flat dishes under tiie receiver of an air- 
pump, the upper one containing water, the lower oil 'of 
▼itriol, and having removed the air, leave the apparatus 
for a short time to act, we find the water frozen, the 
vapour having been absorbed, as fast as it was generated 
by the sulphuric acid, which has a powerful affinity for 
water. In more volatile fluids this simultaneous freezing 
and evaporation is still more remarkable. If a glass rod 
be dipped in prussic acid, part of the drop which is pen- 
dent from the end of the rod will be frozen by the evapo- 
ration of another portion of it. The singular phenomenon 
of the solidification of carbonic acid arises from the same 
principle. A jet of fluid carbonic acid being allowed to 
escape, one part instantly becomes gas, and absorbs so 
much heat, that the portion which remains is converted 
into a compact mass. In warm climates, the tempera- 
ture of the air is moderated by the evaporation of water. 
The Spaniards use earthen vessels called alcafrazaSy of a 
porous nature, through which any liquid placed within 
will filter, and the evaporation on the outside will pre- 
serve the contents cool. 

When the air is not quite saturated with watery 
vapour it is difficult to determine the exact amoimt it 
contains : one of the best methods consists in cooling the 
air until its volume is so much diminished that the 
quantity of vapour is sufficient to saturate it, and from 
the temperature at which this occurs the amount of 
vapour may be calculated. This temperature is called 
the dew point, for, if cooled below this point, a quantity 
of water is deposited in the form of dew upon the sur- 

D 2 
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Tounding cold bodies. Takiiig a large glass full of water 
and cooling it, b^ diwolving gradualljr in it a little 
mixed nitre and sal-ammoniac, nntil a deposition of 
dew is perceptible on the outside of the glass, water 
is brought to the temperature of the dew point. An- 
other method of determining the quantity of vapour 
which ail contains, is by observing the rapidity of eva- 
poration from the Bur&ce of the bulb of a thennometer 
which is covered by muslin kept wet with water. The 
thermometer in this condition is always at a lower tem- 
perature than an ordinary thermometer, from the quan- 
tity of heat carried off by evaporation, and the tempera- 
ture becomes lower in proportion to the evaporation. 
In dry aiz evaporation is most rapid; in air saturated with 
moisture it ceases ; and in every intermediate degree 
there is a connexion between the quantity of moisture 
already present in the air and the depression of temper- 
ature which accompanies the formation of as much m<Nre 
as will saturate it. Tliis method has a peculiar interest 
from the means afforded by it to Dr. Apjohn of ascer- 
twning the specific heats of the gases. 

The quantity of watery vapour existing in the atmos- 
phere is ascertained by instruments termed hygrometers, 
of which that of Professor Daniell is the most generally 
approved. This is a cryophorus, containing ether, hav- 
ing in one bulb a very deli- 
cate thermometer; this bulb 
is made of blackened glass, 
and the other bulb is covered 
with a muslin hag ; all the 
ether having been made to 
pass into the black glass 

ibulb, a httle ether is poured 
on the envelope of the other 
bulb. This, by condensing 
the vapour within, causes the 
ether to pass in vapour from 
the blackened bulb, and in 
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this manner cools it and the air in contact with it, until 
it arrives at the point of saturation, when a watery 
dew hegins to be deposited, which is at once observed 
upon the blackened glass. The internal thermometer 
indicates the temperature of the bulb, which is the dew 
point, and a thermometer which is attached to the sup- 
port of the instrument gives the temperature of the air. 

A few words in relation to tiie prin- 
ciple upon which steam is applied, as 
a moving power, will not be considered 
inappropriate here. The small cylin- 
der of Wollaston, represented in the 
engraving, embodies all that is essen-^ 
tial to the production of motion, by 
the application of steam. This phi- 
loeoplucal toy consists of a glass tube, 
terminating below in a bidb. It is 
fitted with a steam-tight piston, the 
rod of which passes through a brass cap 
at the top. If a little water be placed 
in the bulb and boiled, *the steam 
pressing upon the bottom of the piston 
forces it up : if the bulb be then dipped in cold water the 
steam will be condensed, and the pressure of the external 
air on the top of the piston forces it down again. This 
process may be repeated at will, and constitutes the 
essential principle of the atmospheric steam-engine of 
Newcomen. This was the simple machine upon which 
Watt brought to bear the powers of his high intellect ; 
and, applying the discoveries of the properties of heat 
made by himself and Dr. Black converted it, without 
altering its fundmental principle from the rejected and 
all but useless one of Newcomen, into that engine which, 
though not yet fully developed, has wrought greater 
changes, social and physical, than any other, with one 
exception, which the genius of man has originated. 
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TRANSMISSION OF HEAT. 

' That heat is conducted through different bodies with 
different degress of facility^ is a fact fiimiliarly known. 
If one end of a poker be heated to redness, the other 
^d ^ill become inconveniently hot to hold in the hand, 
whilst a stick of the same length may be burning at one 
end without raising the temperature of the other end to 
any remarkable extent. Bodies through which heat 
passes rapidly are termed conductors ; bodies like wood 
and glass, which obstruct its passage^ are called non- 
conductors ; but the difference is only in degree, as no 
body is a complete non-conductor. Many experiments 
have been made, and are in popular use, which demon- 
strate the relative conducting powers of bodies, but into 
a description of these it is not our purpose to enter here. 
The following conducting powers are deduced fr(»n expe- 
riments made by Despretz, gold being taken as the 
standard for comparison : 



Gold 


1000 


Tin . 


804 


Silver 


973 


Lead 


180 


Copper 


898 


Marble 


23-6 


Platinum . 


881 


Porcelain . 


12-2 


Iron 


87ii 


Fire clay . 


11-4 


Zinc . 


868 







The principle of the difference of conducting power in 
soUds is in constant application in ordinary life. The 
conducting power of fluids is very low ; it was thought 
that no power to conduct heat existed in them, and that 
they were true non-conductors. It has been proved, 
however, that they do conduct, and the power appears to 
he' in the ratio to theur density, mercury bdbig the best 
oondtictor, alcohol and ether the worst. 

• The tiommunioation of heat through large quantities 
of fluid is effected by diflbsicw, not by conduction, and 
<th& source of heat must be underneath. Whea the 
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lower portion of the fluid is heated it expands, and be* 
coining spedficallj lighter it ascends, and is replaced by 
the upper and heavier, which is heated in tumy and tjiis 
is repeated till the whole mass is uniformly heated* In 
the mode of conducting heat gases resemble fluids, thQ 
true conducting power being scarcely appreciable; but, by 
the currents formed by the ascent and descent of warm 
and cold particles, they abstract and conduct heat rapidly. 
The non-KM)nducting power of gases is of great practical 
utility. The different kinds of clothing in use owe their 
warmth to their power of preventing the escape of heat 
from the body ; this is efiected not by the solidity or com- 
pactness of their structure, but being of a loose and spongy 
texture, they confine in their pores a quantity of au% 
which, being unable to form currents, acts as a non-con- 
ductor. The tissue of a cloth confines more air^ and is 
therefore the warmer, the more loose and spongy its tes}- 
ture may be. This fact is confirmed by the experiments 
of Count Rumford, who, having heated to the aame de* 
gree a thermometer wrapped up in the usual materials 
firom which clothing is manufactured, found that it cooled 
through 135°, with 



Ah- in 576" 


Raw silk in 1264" 


Fine lint ,,.1032" 


Beaver's fur „ 1396" 


Cottonwool „ 1046" 


Eiderdown „ 1305" 


Sheep's wool „ 1118" 


Hare's fur „ 1315-" 



The power of retaining warmth is lessened in proportion 
to the degree of compression to which these bodies -may 
be submitted. 



BADIATION. 



EvEBY hot body has the property of emitting heat 
in straight lines from all poiiiit& of its surface;: this is 
called radiation of heat. Thus^ when* we staoidi i be- 
fore a fire we feel its heat, though a cusvcitit of odd air 
is contintudly flowing in the diieetion of the fire (.anddli 
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iron ball suspended in a room diffuses heat upon this 
principle in all directions. Radiation differs £rom con- 
duction and diffusion in not requiring any material me- 
dium for its conveyance; on the contrary^ it is ob- 
structed by the interposition of any body ; and in most 
solids and liquids there is little heat transmitted by ra- 
diation, imless conduction be regarded as a radiation 
from particle to particle. A heated body throws off 
rays of heat in the same manner as a luminous body 
throws off rays of light : in the radiant forms a perfect 
similarity exists between the two. The radiating 
power of bodies appears to depend more upon the me- 
chanical nature of their surfaces than upon any internal 
peculiarity of structure. When any substance is placed 
in the path of the rays of heat, these are either reflected 
or absorbed, or pass through the substance without suf- 
fering any loss, all these effects are in part produced ; 
that is, one portion of- the rays will be reflected, an- 
other transmitted, and a third will be absorbed. Sub- 
stances in relation to heat are said to possess four 
powers, — the radiating, the reflecting, the absorbing, 
and the transmitting. The rays of heat, like the rays 
of light, may be concentrated by reflection, or by re- 
fraction. The properties of radiant heat may be easily 
demonstrated by the mode originally adopted by Leslie 
and Prevost. The apparatus in popular use for demon- 
strating the properties of radiant heat consists of mir- 
rors of polished plated copper of the parabolic fomi. 
By a property of this form of reflector the rays emanat- 
ing from the focus of one mirror are reflected from it in 
p^allel lines, and, thus falling upon the other reflector, 
are converged in its focus. By these means, heat radiat- 
ing from a body may be concentrated upon a single 
point. Thus, a hot iron ball may be placed within a 
few feet of a bit of phosphorus without affecting it ; but 
if the hot ball be placed in the focus of one mirror and 
the phosphorus in the focus of the other, the effects of 
the heat are at once seen by the phosphorus bursting 
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into flame. If the hand be held in the focus it feels 
hot ; if moyed nearer to the source of heat (the irdn 
ball) it feels cool. Leslie, by experiment, determined 
the relative radiating powers of the following sub- 
stances: — 



Lamp-black • 


100 


Phimbago . 74 


Writing-paper 


98 


Tarnished lead . 45 


Crown-glass 


90 


Clean lead . 19 


Ice . • 


S5 


Polished iron • 15 


Bed lead 


80 


Other bright metals 12 



The radiating power, it will be seen, is independent of 
the colour of Uie body ; and that those bodies radiate 
least which have bright metallic sur&oes. Recent in- 
vestigation, however^ has rendered it probable that the 
radiating power has not so much relation to the polish 
of the sui^e as to its density : the sur&ce of a metallic 
plate is greatly compressed in the process of polishing, 
especially if it be rolled, and in this state radiates in the 
lowest degree ; but if the dense film of compressed metal 
be removed by rubbing with sand-paper, the softer me- 
tal underneath radiates with double the power. If a 
plate of silver be cast without being subjected to any 
pressure^ the surface, though perfectly bright, radiates 
with a power of 22^ but if it be dimmed by being rub- 
bed with sand-paper, the compression, slight as it must 
have been, diminishes the radiating power to 12^ The 
radiating power of bodies may be consulted with profit in 
the most familiar operations : thus, a painted tin vessel 
filled with warm water will cool more rapidly than a 
polished one under similar circumstances, owing to its 
greater radiating power, as the bodies which radiate least 
cool slowest ; and, if placed before a fire, the painted tin 
vessel will absorb heat more rapidly than the polished 
one. Colour, though having no influence over the ra- 
diating power, influences the absorbing power in a re* 
markable degree. If pieces of doth of various colours 
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be laid upon snow, exposed to the direct rays of the 
sun, black cloth will, by absorbing most heat, melt 
the snow under it and sink deepest, white will sink 
least, and the intermediate colours in the order of their 
depth of hue ; a proper regard is paid to this fact in the 
selection of dark-coloured cloths for winter clothing, and 
in the preference of those of lighter colours for summer 
wear, though the philosophy of the fact is not, perhaps, 
BO generally known. It is upon the absorption of those 
rays of heat which accompany rays of light only, that 
this property of colour depends. Bodies possess the pro* 
perty of reflecting in an inverse ratio to their absorbing 
and radiating powers, and hence those which absorb best 
reflect least. The heat of the sun's rays may be con- 
centrated in the focus of a burning mirror to such a de- 
gree, that results equal to those produced by the most 
intense artificial heat may be had. As the rays of heat 
accompany those of light in their passage through lenses, 
concentration by refraction may also be efiected ; hence 
the property of the burning-glass, or lens. One of these 
instruments, of great size and power, is now being pub- 
licly exhibited in London, at the " Adelaide Gralleiy of 
Practical Science." 

The cooling of bodies by radiation is regulated by the 
principle, that all bodies are in a continual state of int»- 
change of heat, — ^hot bodies radiating, and colder bodies 
absorbing the heat so radiated. Every body in nature, 
therefore, by mutual radiation and absorption tends to 
produce an equilibriiun of temperature. This fact ex- 
plains a singular experiment with the parabolic reflectors 
before spoken of If instead of the heated iron ball 
we place in the focus of one mirror a mass of ice, the 
temperature of the thermometer in the focus of tlie 
opposite mirror will sink below that of the surrounding 
air; the thermometer having more heat than the ice, 
radiates more than the ice can return to it, and there- 
fore has its temperature lowered. This efiect was at 
first^ attributed to the radiation of rays of cold which 
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were supposed to exist. The formation of dew and 
frost is attributable to this principle of the uniformity 
of temperature being sustained by radiation and absorp- 
tion. During the absence of the sun^ the sur&ce of 
the earth loses by radiation a great amount of heat, and 
if it were not for the radiation in return of the clouds 
which are generally over the earth, its temperature 
would be considerably reduced. If the clouds be absent, 
the heat radiated by the earth is all lost in the plane- 
tary spaces, and the temperature of the earth is much 
lowered. The air which is in contact with the earth's 
surface is then cooled, and the watery vapour which it 
held in its more elastic form, is deposited in^the shape of 
dew. If the air itself be at a low temperature, and the 
night a very clear one, the drops of dew as they are depo- 
sited congeal, and thus frost is produced. The accuracy 
of this statement is proved by the fact, that it is only 
on the surfaces of good radiators and in clear star-light 
nights that dew or frost is formed. If a plate of polished 
metal be placed upon a rough board and exposed to the 
air of a frosty night, no trace of frost will be found upon 
the metal, but the rough surfaces of the board will 
be covered with frost. Ice may be obtained between 
the tropics by an application of this principle ; for in- 
stance, if a thin layer of water be lightly covered with 
straw to increase the radiating power it will be found 
frozen in the morning, though the temperature of the air 
during the night may have continued far above the freezing 
point. If we interpose a screen of any substance which 
will prevent the passage of radiant heat, the deposition 
of dew or frost will cease at once, which proves that the 
cold produced is by radiation of heat and not by contact 
or diffusion of the particles of the air. Thus plants are 
protected by mats from the effects of frost, and thus 
vegetation is favoured by a coat of snow preventing 
the radiation of heat from the soil beneath. 
' Heat is derivable from many sources. To our planet 
the sun is the principal source of warmth, and to the 



44 CHEMISTRY. 

influence of the sun's rays, modified by our varying 
position in relation to the sun by which these rays are 
made to f&ll upon the earth at different inclinations and 
to pass through media of different densities^ are owing 
the changes of the seasons and the various phenomena 
of organic and inorganic nature consequent upon them. 
But the earth has within itself a source of heat, which 
at one time was sa£Bicient to retain in a state of igneous 
fusion the entire mass of mineral constituents whidifoim 
BO large a portion of it. By perforating the earth to a 
depth of about forty feet, we arrive at a layer of which 
the temperature is the same, in winter and summer. 
This is called the stratum of invariable temperature, 
and is generally of the mean temperature of the place, 
that is to say, the temperature of the surface in winter 
falls as much below that of the invariable stratum as 
in summer it is raised above it. The heat of the sun's 
rays &lling upon the sur&ce, is transmitted inwards by 
the conducting power of the earth : in this manner a 
layer of elevated temperature moves inwsmis every 
summer^ each layer having one of lower temperature 
interposed, marking the period of winter cold, imtil both 
arrive at the stratum of invariable temperature, below 
which the sun's influence does not extend. On per- 
forating beyond forty feet the temperature is found 
steadily to increase, at a rate generally of about one 
d^ree for every forty-two feet, or about 120* for a mile. 
At a depth of two miles, therefore, water could exist 
in a liquid state only by virtue of the great pressure 
exerted on it by the superincumbent earth; at four 
miles' depth, tin and bismuth should be liquid; at a 
depth of five miles lead should be found in a state of 
fusion, and at 30 miles' depth the heat should be suffi- 
cient to fuse iron. There is every reason to believe 
that a central heat of great intensity is in active exist- 
ence, though its effects are unfelt at the siurface of the 
earth. The solid crystalline shell which has formed 
over the melted mass, and which constitutes the crust 
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of the earth) extends to only -j-^ of the distance to the 
centre. The existence of an orifice or fissure in this 
crust may easily be supposed to occasion the pheno- 
mena of earthquakes and volcanoes. 

Chemical combination is a general source of artificial 
lieat. Percussion^ fiiction, the respiration of certain 
kinds of animals, and electricity, are also sources of heat. 

ELECTBICITY. 

Ahbeb was the first substance in which the electrical 
property was discovered, and its Greek name^ i}Xc«rpov, 
gives the etymology of the word electricity. Nothing is 
positively Imown of the true nature of electricity. It 
cannot be determined whether it is a mere property of 
matter, or a force acting independent of all material con- 
nexion, or whether^ like light, it consists of undulations 
of an ethereal medium. The common views taken of its 
nature are embraced in the supposition of the existence 
of one or of two fluids, perfectly elastic and of extreme 
tenuity ; and that bodies acquire or lose the properties 
conferred by electrical excitation in proportion to the 
amoimt of these fluids they may contain. No evidence 
has ever been obtained of the existence of such fluids ; 
it has never been possible to separate electricity firom the 
particles of matter of which it appears as a property 
assumed under peculiar conditions, and not as a consti- 
tuent. The word fluid, however, in connexion with 
electricity is generally adopted for convenience; but 
its use does not imply a belief in the actual physical 
existence in that form of the power in question. 

Friction is the operation in general use for the deve- 
lopment of electricity. If we take a dry silk handker- 
chief and rub it briskly against a dry glass rod, a pecu- 
liar odour will become perceptible; if the fidction be 
made in the dark a peculiar light will be evident ; and 
if any light bodies, as bits of paper, balls of elder pith^ 
or a silk thread, be placed near the rod, they will be 
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attracted to it, and will adhere to it, but after a short 
interval will be repelled. The glass rod, in this case^ is 
said to be electrically exdted ; ^e luminous appearance 
is called electrical lights and the motion of light bodies 
to and from the glass rod is termed electrical attraction 
and repudsion. These phenomena may be produced by 
the friction of other bodies than silk and glass. Two 
pieces of silk, especially if they be of different colours, 
become excited by being rubbed against each other : thus 
by laying together slips of black and of white ribbon, 
and drawing them quickly through the fingers, each will 
attract light bodies and each the other. A piece of seal- 
ing-wax, or of any other resinous composition will become 
excited by friction with flannel or woollen cloth. Sul- 
phur and amber assume this state with remarkable &- 
cility and power. This excitability is not common to 
every body. Even the bodies mentioned, in certiun 
concGitionB, cannot be excited : thus, if the silk, or flan- 
nel, or glass rod, be damp, no electric properties can be 
induced. A metallic sur&ce resting upon the ground, 
or supported by the hand, cannot be excited by any 
amount of friction. Such a body is termed a non-elec" 
trie. Dry glass, resin, sulphur, silk, amber, &c., are 
called electrics. This distinction, however, is not com- 
plete ; for if the metallic surface be supported by a glass 
or resinous handle, it becomes as capable of excitation 
by friction as any of the electrics. Electricity being 
highly elastic, its particles repel each other, and tend to 
escape from the surface upon which they are accimiu- 
lated. Certain bodies are supposed to possess the power 
of retaining the electric fluid on their surfaces in a 
greater degree than others, and thus produce the phe- 
nomena of electrical excitation ; they are electrics, there- 
fore, because they are non-conductors. But the metals, 
&c., are not so constituted as to retain the electric fluid 
on their sur&ces, unless its passage be prevented by the 
interposition of a non-conductor, and are, therefore, n<m- 
electrics, because they are conductors ; and where a non- 
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electric is made to retain the electric fluid on its surface 
by being supported upon a non-conductor^ it is said to 
be inndated. Perfect dryness is as necessary for insula- 
tion as for the production of electricity by friction ; for^ 
if the slightest fUm of moisture be present, it will serve 
as a conductor, and the electricity will escape. The 
following is a list of the best insulators, or worst con- 
ductors, set down in the order of their insulating powers 
lespectivdy : 



Dry air. 
Shellac. 
Resins. 


Damp organic bodies. 
Damp air. 
Water. 


Oil of turpentine. 

Sulphur. 

Glass. 


Strong acids. 
Fused saline bodies. 
Charcoal. 


Spermaceti. 


Metals. 



The worst metallic conductor is many thousand times 
a better conductor^than water. It is Imown that a wire 
along which an electric charge is passed becomes heated 
in proportion to the resistance offered to the motion of 
the fluid ; the rise of temperature is, therefore, in an in- 
Terse proportion to the conducting power. From ex- 
periments conducted on this principle, Mr. Snow Harris 
deduced approximations to the conducting powers of 
the following metals : 

Heat evolTed. Conducting power. 



SUrer . 




6 


120 


Copper . 




6 


120 


Gold . 




9 


80 


Zinc 




18 


40 


Platinum 




30 


24 


lion 




30 


24 


Tin 




36 


20 


Lead . 




72 


12 



Professor Wheatstone has given much attention to the 
examination of the velocity with which the electric im- 
pulse is conducted. By means which cannot be detailed 
here, he has been enabled to determine an interval of the 
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irv^irfnf-^ ajcbond;. he feuni^th^t t^ hffpuke of ^^ie 
Aatk' ti a Lejrdien jar « tnmsmitted fixnn ^wsh end iff 
an intafOMd' wiie^ and aRfves lUett at the oeiitM, «nA 
Ifait the'^fiakeitj with whieh thk impulse ivtransaiititecl 
b gteaibK tkan that ef the passage of light through ^e 
^htnotaij' spaces^ luumelr^ at the nte ef moie than 
lid^^OdO* miles ia a second. 

£teotnatj when evolved aectrniulatea upon the' 9iir-> 
tee of a bod j> and by its electric property tends to Iffeadr 
awi^ and pass to bodies unexcited. This passage 
Ihiough air prodoees the electric spark and the snappteg 
report which accompanies it. The manner in which 
deetricity is distributed on the surface of bodies is cotH 
siderably influenced by the form of the body ; the layer 
is of equal thickness on a sphere^ on an elongated body* 
it aceiunulates at the extremities of the longest axin^ 
Tkus^ on a wire, it is almost entirely aoeumulafeed at the 
ends, and electrical machines are constructed smooth; 
sere whers points are attached for the escape of the ekc- 
triefluid. 

We have seen that bodies rubbed together become 
etectrieally excited, so that each body squKrately gi¥eS* 
eifidence of its CKcited condition. When these bodieS; 
haweirer^ are brought into contact, they destroy eadr 
others* power ; and bodies thus oppositely electttted at^ 
Htust eaeh other, whibt bodies similarly excited repfi ea«h' 
othfiB^^this force of attraction and repulsion diminiG^iil^ 
in intensity like that of gmvitation, as the square c/f the^ 
distance between the two bodies is increased. 

ThecaBie two theories of de6tricity,-*-that of Dnfiiy;' 
whidL supposes the existenee of two fluids ; and that of 
Franldin, winch admits the existence of «Be only* Du&y 
assumed that two kinds of electrieity exist in natute/ 
each a highly elastic fluid, n^ose partides repd ea^ 
other according to the law of ^ iirretse square ;• aCMi^' 
according to the same law« attract the porti^ of inalter» 
and also attract each other ; that every body contalna 
usually an exactly equal quantity of each fluid, and in thaa 
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case is in an ordinary state, and aceordingly quiescent ; 
but if a body contain more of one fluid than of another, 
it is in an extraordinary state, and, acquiring new pro- 
perties, is said to be excited. Thus, according to this 
theory^ when two bodies are rubbed together, one fluid 
accumulates in excess upon the one, and the other kind of 
fluid upon the other body. They are thus both excited ; 
and as the excess of the one fluid must be exactly equal 
to that of the other, the excitation of both is equal; but, 
b^ng opposite, they will neutralize each other when 
brought together. The electricity which passes to glass 
when rubbed, is styled by Du&y vitreous electricity; that 
which accumulates on resin when rubbed with flannel, 
he called resinous; but those names have fallen into 
desuetude, from the fact that there are few bodies which 
are not capable of assimiing vitreous or resinous ex- 
citation, accordLug to the substance with which they are 
rubbed. 

Franklin assumed the existence of only one electric 
fluid, of which he supposed every body in its ordinary 
state to contain a certain quantity. This fluid he consi- 
dered to be highly elastic ; to be capable of repelling its 
own particles, vdth a force varying with the inverse 
square of the distance, and of attractmg the particles of 
matter according to the same law. Any substance hold« 
ing.a proper share of electricity is, therefore, in its indif- 
ferent state, and possesses no extraordinary qualities. 
When two such bodies are rubbed together a quantity of 
electricity leaves the one and accumulates upon the other; 
thus they are both brou^t into an unusual state, and 
assume the characters peculiar to electrical excitation. 
The excita:ti(m being eqiud, for the one has gained just as 
modi as the other has lost, they destroy each other's 
aeti<m when brought together, and return to their ordi- 
nary state. In iSas casei one body is said to be plus, 
(+) the other, mmf», ('~~)> ^ectrified; or, more fre- 
quently, (me is said to be ptmHvdyy the other negatively 
excited, and the + and — are often used for these 
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words. Considerable advance has been made towards a 
theory of electricity upon this principle. To acoount for 
the molecular constitution of matter^ it is necessary to 
suppose that the forces which act upon its particles may 
change from attractive to repulsive^ and again from re- 
pulsive to attractive^ according as the distance between 
the particles is made to vary ; and, according to Mosot^, 
" it is only necessary to assume that the mutual repulsion 
of matter, when destitute of electricity, is inferior to its 
attraction for electricity^ and to the mutual repulsion of 
the electricity itself, and the law of gravitation becomes 
a necessasy consequence of the conditions under which 
alone electrical equilibrium can be established/' 

The theories just stated are those which have been 
most generally received. Writers usually adopt the lan- 
guage of the theory of Dufay, but use the woids positive 
and negative in place of vitreous and resinous. 

When it is desirable to develop electricity in a state 
of high intensity and power, machines are used which 
are specially constructed for this end. They are of two 
kinds ; in both, a surface of glass, more or less extensive, 
is exposed to friction : in one case in the form of a cylinder, 
in the other of a plate ; of the latter kind one of colossal 
dimensions may be seen in the Polytechnic Institution 
of London. 

Thoc^h anything like a detailed desmption of the 
mechanical and natural sources of electricity does not 
properly come within the scope of this treatise, excep- 
tion may be taken in &vour of one particular ease^ 
where a remarkable phenomenon of frequent recurrence 
may be accounted for. Changes in the state of aggrega- 
tion are the source of electricity of the greatest importance, 
because the most universal in their action. Disturbance of 
electrical equilibrium is occasioned' when anybody passes 
from the liquid to the solid state, or from the liquid to 
the vaporous, or when a solid or vapour becomes liquid. 
Vaporization is one of the most abundant sources of 
electricity ; for at all ordinary temperatures evaporation 
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takes place fiom the suriboe of the globe, and the vapour 
so produced taking with it the vaat amount of positive 
electricity thus set free> mixes with the ^air which is 
continually kept in a state of hig^ electrical excitation. 
The vapour when condensed by the cold of the higher 
regions of air, forms a cloud, in which is condensed the 
electricity evolved by evaporation from the earth's surface. 
Clouds tiius intensely electrified are attracted to each 
other, or to some prominent object on the earth, when the 
discharge and neutralization of their electricities occur, 
accompanied by the phenomena of lightning and thunder ; 
the latter occasioned by the reverberation of the accom- 
panying report, from the surfaces of other clouds, or by 
the sides of mountains in the vicinity. 

GALVANISM. 

Thb manner in which this form of electrical excita- 
tion is developed may be demonstrated by a very simple 
experiment. If a slip of pure zinc be partly immersed 
in dilute muriatic acid, no chemical action is apparent 
and no electrical disturbance is created ; but if a slip of 
copper be introduced which touches the zinc out of the 
fluid, decomposition of the muriatic acid actively com- 
mences, the chlorine (one of the constituents of the 
muriatic acid) combining with the zinc, and the hy- 
drogen (another constituent of the acid) appearing in 
the form of minute bubbles on the surface of the copper. 
Simultaneously with this decomposition is produced a 
remarkable state of electrical excitation in which the zinc 
resembles a body to which negative electricity in a state 
of very low tension is supplied, whilst an eqiud quantity 
of positive electricity flows along the copper, and these 
uniting at the point of contact between the two metals, 
' produce the effects known as those of the electric cur- 
rent, the passage of which is demonstrable in a variety 
of ways. In this case we may suppose, that the chemi- 
cal relations of the zinc and muriatic acid are such that, 
when placed in contact, they mutually induce on each 

B 2 
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other a development of electricity, that part of the zmc 
which is immersed becoming -f- , and that not immersed 
— ; whilst the molecules of the acid near the zinc be- 
come — , and the general mass of the fluid obtains -f 
excitation. The + electricity of the zinc being, however, 
balanced between the electricities of its own mass 
of the acid, and the — electricity of the acid being 
in equilibrium between the -f electricities of the zinc 
and its own particles, '^it results, that this condition 
of induced excitation may remain for any length 
of time without increasing or diminishing in intensity, 
the apparatus being in the condition of a very feebly 
charged Leyden jar ; and, on applying the slip of copper 
by which the excited surfaces, the zinc, and acid, are 
placed in communication, the negative electricity of the 
zinc unites with the positive of the copper, by direct 
translation or by inductive action, and the positive elec- 
tricity of the liquid unites with the negative of the cop- 
per to produce neutralization, at the same time the + 
of the zinc and — of the acid combine. As, according 
to the theory of Franklin, the single electric fluid is sup- 
posed to pass from the body which is positively to the 
body which is negatively excited, it is usual to imagine 
this exchange of electricities to take place by a current 
which in this case, as shown by the arrows in the annexed 

figure, is from the copper to the 
3»»— 5»- zinc at the superior junction, 

§and from the zinc to the copper 
in the acid." The passage of 
the current is accompanied by 
the solution of the zinc and the 
liberation of the hydrogen, the 
latter accompanying the posi- 
tively electrified molecules of 
the acid across the fluid, and 
discharging itself under the 
form of gas upon the surface 
of the copper. The requisites to produce a current 
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of electricity are, therefore, in the first place, two bodies, 
one simple and one compound, which will act chemically 
upon each other in such a manner as that the simple 
element shall supply the place of a constituent of the 
other which shall be expelled ; and, secondly, a con- 
ducting substance which is indifferent 
in a chemical point of view, and 
merely affords a route for the elec- 
tricities of the actual elements to 
recombine. In the example just 
given, this conductor was a slip of 
copper; it may, however, be of 
any form, or almost of any sub- 
stance, as in the annexed figure a 
wire may be soldered to the end of each slip, and on 
bringing these wires into contact at x the current 
passes as if the contact of z and c had been direct. An 
arrangement of this kind is termed a simple circle* 
The metal which acts as a conductor remains un- 
injured, and so far from evincing a tendency to com- 
bine with the chlorine or oxygen of the liquid, it would 
separate if previously combined. On this principle a 
method of preserving the copper sheathing of ships was 
adopted. Small portions of iron of about the -^j^ of 
the sur&ce were attached, the chlorine of the salt in the 
sea-water was transferred to the iron, and the copper, in 
place of becoming covered with the green rust of oxy- 
chloride of copper, remained uncorroded and bright. 
The principle, however, was found in practice to be 
attended with inconvenience, for the negative elements 
of the sea-water being transferred to the iron thepossi- 
tive, lime and magnesia were deposited upon the copper ; 
and, offering points of adhesion for shell-fish and marine 
plants, caused the bottoms of the vessels to become so 
foul as to injure, to a considerable extent, their sailing 
qualities. Fixing a layer of zinc upon iron surfaces, 
a process in very general use, protects them firom rust 
upon the same principle. 
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The electrotype process, which has obtained such an 
extensive popularity, is based upon the principle of this 
transfer of the exciting liquids. One of the liquids 
being a solution of sulphate of copper, the metallic cop- 
per is deposited upon the surface of the plate to which 
the current passes in the liquid, and forms upon it a 
layer of metal, which takes a precise cast of the surface 
upon which it is thrown. 

The electricity evolved by chemical action in simple 
circles, is present in much greater quantity than can be 
developed by friction with the largest machines ; but it 
cannot acquire the same intensity owing to its continued 
recombination. The immersion of two wires, one of 
platina, the other of zinc, each 0*06 of an inch thick, to 
a depth of five-eighths of an inch in dilute sulphuric 
acid, for three seconds, gave as much electricity as could 
be generated by thirty turns of the most powerful ma- 
chine of the Royal Institution. And Dr. Faraday has 
shown that, in the current which passes during the de- 
composition of a grain of water, more electricity is con- 
tained than in the brightest flash of lightning. 

To commence with the accidental discoveiy of Gal- 
vani, a professor of anatomy at Bologna, that the legs 
of a frog are thrown into convulsions by the contact of 
wires applied in a particular manner, to describe the 
pile of Volta with Crookshank's improvement upon it, 
and also the ingenious contrivances of Mullins, Daniell, 
and Groves, or to particularize and account for the pheno- 
mena resulting from the action of Galvanic or Voltaic 
electricity, would involve considerations of a nature too 
important, and in detail too elaborate, to be comprised in 
the limited space which can be devoted to them here. 

CHBMICAL NOHENCLATURE. 

The simple substances known at present are fifly-five 
in number. The names of these, with the symbols 
which represent them, are as follow : 
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Oxygen . 


0. 


Ziroouium 


Zr. 


Hydrogen • 


. H. 


Thorium 


. Th- 


Nitrogen 


N. 


Yttrium . 


Y. 


Carbon . 


C. 


Cerum 


. Ce. 


Boron 


. B. 


Lanthanum 


Ln. 


Silicon 


Si. 


Manganese . 


• Mn. 


Solpfanr 


. S. 


Iron 


Fe. 


Seleninm 


Se. 


Copper 


. Cu, 


Phospbonu 


. P. 


Titanium 


. Ti. 


Chlorine . 


CI. 


Arsenic 


. As. 


Iodine 


• I. 


Antimony 


St 


Bromine . 


Br. 


Tungsten 


. . W. 


Fluorine 


. F. 


Molybdenum 


I . Mo. 


Tellurium 


T. 


Tantalum , 


. Ta. 


Mercury 


. Hg. 


Chromium 


Cr. 


Zinc • 


Zn. 


Vanadium , 


. V. 


Cadminm 


. Cd. 


Uranium 


. U. 


Cobalt 


Co. 


Gold . 


• Au. 


Nickel 


. Ni. 


Iridium . 


Ir. 


Potassium 


K. 


Osmium , 


. Os. 


Sodium 


. Na. 


Platinum 


PL 


Litbixmi . 


Li. 


Tin . 


. Sn. 


Barium 


. Ba. 


Lead 


. Pb. 


Strontium 


Sr. 


Bismuth 


. Bi. 


Calcium 


. Ca. 


Sflyer 


. Ag. 


Magnesium 


. Mg. 


Palladium 


. Pd. 


Aluminum . 


. AL 


Rhodium 


R. 


Glucinum 


G. 
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The Tarious substances which exist in nature are 
formed by the combination of these bodies with each 
other. The first thirteen in the list are non -metallic 
elements, the rest are metallic. 

Chemical nomenclature, until the time of Lavoisier 
and Guyton, was based upon the prevailing theories of 
the day ; these philosophers introduced a system of names 
intended to denote the proper chemical characters and 
constituents of the bodies examined. 

The words acid, base and salt are much employed in 
chemistry ; the word eidd is used to designate any body 
that imparts a sour taste : the term base implies any suh- 
tance ^hich in conjunction with an acid forms a com- 
pound to which the name of salt is generally given. 
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Simple bodies in combining, fonO) in tiie first instance, 
what are called binary compounds. The names of those 
possessing oxygen are of two kindsy according as the 
compound has acid properties or not. In the first case, 
the word acid and the termination ic are supplied ; thus, 
the compound of sulphur and oxygen is st^phuric acid. 
If the same body form with oxygen two acids of different 
strengths, the stronger is known by the termination ie, 
the other by the final syllable being ous. Thus we have 
sulphurous acid, and sulphuric acid. When a substance 
forms with oxygen more acids than two, the words vxo 
under, and vwip over, are used. Thus, we have an'acid 
of sulphur with less oxygen than the sulphurous ; this is 
called hyposvlphurous acid : and another acid with more 
oxyen than the sulphurous, but with less than the sul-> 
phuric; this is termed hypo-sulphuric or hyper-vulpkurmu 
acid. When a compound formed with oxygen is not an 
acid, it is termed an oxide^ as oxide of lead, oxide of iron, 
&c. In some cases, when oxygen unites with bodies in 
more than one proportion, one compound may be an add 
and another not. Manganese forms vnth oxygen man- 
ganic acid and permanganic acid, and with less oxygen 
oxides of manganese. 

Oxides also are formed with various proportions of 
oxygen, and the proportions are expressed by the words 
irfuiTOQ first, hvrepoQ second, rpiroQ third, pr^xed to the 
word oxide ; thus, protoxide of lead, deutoxide of .lead, 
tritoxide of iron. The oxide containing most oxygen is 
called a peroxide, that containing least a suboxide* The 
word sesgui (one and a-half ) is used to designate oxides 
intermediate between protoxides and deutoxKJes. 

Other simple elements form compounds with the 
metals, as 

Chlorine forming Chlorides 
Iodine „ Iodides 

Bromine „ Bromides 
Fluorine „ Fluorides. 
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Ai»d in like maimer^ but with a dHlereiit t<^hninatSt>»;' 

Sulphur fonns Sulf^urets * 

Selenium „ Seleniur^ts* 

Tellurium j, Telluiets 

Carbon „ Carburets 

Nitrogen ,, Nitrurets 

Phosphorus „ Phosphurets 

Arsenic ,^ Arseniurets. 

The Greek prefixes are also used with these ; thus we 
have proiO'cklohdes and deuUhchkrides ; the Latin his 
bang often used for the Greek deuto, as bichloride. 

The eombinataons of the metals with each other are 
termed alloySy except when mercury enters into combi- 
nation with another metal, when the compound is called 
BRamalffam. 

By the union of two primary compounds, secondary 
compounds are formed. These are generally termed 
saksy but the iodides, chlorides, bromides, and fluorides, 
are also classed as salts. 

When two oxides of the same metal form with an 
add two (Ustinct classes of salts, the words proto, deuto, 
Ma^t, ax per y which distinguish the oxides, are prefixed 
to the generic name of the salt ; thus we say, pr&to- 
sulphate of iron, when protoxide of iron is the base, and 
persulphate of iron when the peroxide is in composition.- 
When the acid is in excess in a salt we use the Latin 
words Uy ter^ &c., to indicate the amount as bistUpkate. 
When the base is in excess, we employ the words ^ic, 
rpts, &c., as disulphate of zinc, trierulphate of mercury. 

Water enters into combination with many substances; 
these are called hydrates, or the substance is said to be 
hydrated. Oxides and chlorides form ox^-chlorides ; 
oxides and sulphurets, ox^-stdphurets ; chlorides and sul- 
phurets, chJorostdphurets, 

The union of two secondary compounds will form a 
ternary compound, such as diy alum, which is a com* 
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pound of sulphate of potash and sulphate of alumina. 
Alum in the crystallized state is a qttaiemary com- 
pound^ being in combination with water. 

The practice of using symbols to denote both simple 
and compound bodies is now universally adopted in 
chemical essays and lectures. The symbol of any 
simple element is generally the first letter of its namej 
and whenever the name of more than one element has 
the same initial^ they are distinguished by adding to one^ 
another letter in sniialler type, which may be either the 
second letter of the word^ or the one that will best serve 
to characterise it. l^o form the symbols of the com- 
pound bodies, it is only necessary to place together the 
symbols of the simple elements ; thus, Pb.O. means a 
compound of lead and oxygen; C. H. N. O. a com- 
pound of carbon^ hydrogen^ nitrogen^ and oxygen. The 
sign + is often used to connect symbols, as (9. Ca. -f* 6 
H. 0. chloride of calcium in combination with six pro- 
portions of water. 

Connected with symbols is the idea of proportion. 
With the name of every element is associated the pro- 
portion in which it combines with other elements. Thus 
Pb. is not regarded as the representative of lead only, but 
also of its chemical equivalent 103*6, and in like manner 
with all the rest. Pb. 0. denote not an indefinite com- 
pound of lead and oxygen, but a compound of one equi- 
valent of lead, and one equivalent of oxygen, in the 
proportion by weight of 103*6 of lead, and 8'0 of oxygen. 
Pb. Os. signify a compound of one proportion of lead, 
with two proportions of oxygen. 

CHEMICAL AFFINITY. 

Substances, elementary or compound, evince a dis- 
position to combine with other substances of a dif- 
rent nature. This tendency to combination is con- 
trolled by a certain law, which is termed Chemical 
affinity. Thus, if we add to muriatic acid a mixture 
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of lime and magnesia, the lime will be all dissolved 
in the acid before any of the magnesia will be acted 
upon. If we place a slip of iron in some nitric acid, 
deep red fumes are eyolved with effervescence^ and 
the metal is dissolved, having entered into combination 
^th the liquid in the room of the substance driven ofiP. 
A slip of copper will be similarly acted upon ; but if 
iron and copper be placed together in the acid, the iron 
is all dissolved before the copper is attacked by the acid. 
Thus muriatic acid combines with lime in preference to 
magnesia, and nitric acid acts upon iron in preference to 
copper — chemical affinity is therefore said to be elective ; 
it selects from a number of bodies that upon which its 
force is to be developed, and in this respect differs from 
the forces of gravity and of cohesion^ which are exerted 
upon all bodies exposed to their influence, at the same 
time. 

Chemical force produces another phenomenon, namely, 
decomposition. Thus before iron enters into combina- 
tion with nitric acid an element is expelled. The fol- 
lowing is a good example of decomposition resulting 
from the exercise of chemical affinities. If sulphuretted 
hydrogen, which consists of sulphur and hydrogen, be 
brought into contact with iodine, the iodine combines 
with the hydrogen, expelling the sulphur ; that is to say, 
the sulphuret of hydrogen is decomposed, and iodide of 
hydrogen is formed. In this case the hydrogen exer- 
dsed an elective force by entering into combination with 
the iodine in preference to the sulphur, and decomposi- 
tion was the result. And, again, if iodide of hydrogen 
be brought in contact with chlorine, the iodine is ex- 
pelled, and chloride of hydrogen is the result. Thus in 
the case of the muriatic acid, lime, and magnesia, a new 
combination is effected by one firee body uniting with 
another in preference to a third, and in the last case an 
uncombined element brought into contact with two others 
in combination, tends to separate them, and by its unit- 
ing with one of them forms a new body. 
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Tables of the relative affinities of bases for acids^ and 
acids for bases, may be formed ; of these the following are 
examples : the name of the base is placed at the top of 
the column, and the names of the acids in the order of 
their affinity for it below. The bases are arranged on 
the same principle. 



Soda, 


Muriatic acid* 


Sulphuric acid. 


Potash. 


Nitric acid. 


Soda. 


Muriatic acid. 


Lime. 


Acetic acid. 


Magnesia. 


Carbonic acid. 


Oxide of iron 



Affinity is said to be double elective when it is exerted 
among a greater number of bodies than three, and where 
by the mutual action of two compound bodies two new 
ones may be formed, a double decomposition having 
taken place. Thus, if nitrate of lime be decomposed by 
potash, lime is set free and simple decomposition only 
occurs ; but if carbonate of potash be employed double 
decomposition will take place, for carbonate of lime will 
be formed as well as nitrate of potash. The formation 
of a second body does not take place merely because its 
elements are brought into contact with each other, and 
have no choice but to unite ; as by the exercise of dou- 
ble elective affinity decompositions will result which 
single elective affinity could not have caused, and which 
appear to take place even in opposition to it. Thus, 
nitrate of lime will not be decomposed by ammonia ; on 
the contrary, lime will take nitric acid from ammonia ; 
but if we mix a solution of nitrate of lime and carbonate 
of ammonia they will decompose each other, and by 
double elective affinity carbonate of lime and nitrate of 
ammonia will be formed. The affinities which tend to 
preservie compound bodies in the same condition, are 
called the quiescent^ those which have the opposite ten- 
dency, diwRent, and when the sum of the latter is greater 
than that of the former, decomposition must be the result. 
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Chemical action, however, does not result solely from 
the force of affinity, it is influenced to a remarkable 
extent by heat, electricity, cohesion, and other agencies. 
A weak aflSnity may be made to prevail over a strong 
one by a change of temperature; the strongest affinities 
may be destroyed by electricity, and cohesion exerts a 
considerable modifying power. We have seen that mu*- 
riate of lime is decomposed by carbonate of ammonia, 
carbonate of lime and muriate of ammonia being the 
result; but if muriate of ammonia and carbonate of 
lime be mixed, without the presence of water, by ap- 
plying heat, carbonate of ammonia and muriate of lime 
will be produced, which is reversing the former result. 
If the vapour of water be passed over iron heated to 
redness, oxygen, one of its elements, will unite with the 
iron, forming oxide of iron, and hydrogen the other ele- 
ment of water will be set free ; but, if this oxide of iron 
be heated to redness, and hydrogen be passed over it, 
the oxygen will unite with the hydrogen forming water, 
and the iron will be lefl in its pure metallic state. 

The influence of cohesion in modifying chemical affi- 
nity is exemplified in the &ct, that liquidity is the par- 
ticular state of matter in which decomposition is most 
active, though there are some remarkable exceptions to 
this rule, as when chlorate of potash and sulphur, both 
dry, are mixed, an explosion takes place from the rapid- 
ity of the decomposition. In the gaseous form chemical 
affinity is weakened by the mutual repulsion of the par- 
ticles. The affinities of oxygen and hydrogen are power- 
ful, but in the gaseous form they may remain in contact 
for an indefinite time without chemical, union. Exam- 
ples of this suspension of chemical action in the case of 
bodies in the gaseous form are numerous. 

Light exerts a peculiar power over chemical affinity. 
Substances which, in the dark, will not re-act upon each 
other, combine immediately when exposed to light; the 
rapidity with which they combine being in proportion to 
the intensity of the light. Chlorine and hydrogen do 
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not unite in the dark ; but if a ray of sunshine be per- 
mitted to fall upon a mixture of these gases, cheinical 
affinity is exerted with such violence, that the combina- 
tion of the gases is accompanied with an explosion. But 
the most remarkable example of the influence of light 
upon chemical affinities is afforded by the art oi phuio^ 
ffraphy, where the basis of the process is the action of 
light upon certain substances exposed to it under parti- 
cular conditions. If a sheet of white paper be rubbed 
over with a brush dipped in a very dilute solution of 
chloride, iodide, or bromide of potassium, and after this 
with a brush dipped in a solution of nitrate of silver, 
a chloride, iodide, or bromide of silv» will be formed in 
the substance of the paper, which becomes blackened 
upon exposure to light. If any opaque body be placed 
between a sheet of paper so prepared and the light, the 
part upon which the light falls assumes a dark hue, the 
rest of the paper, remaining unaffected by the li^t, pre- 
sents the outlines of the opaque body, traced witli the 
utmost delicacy and beauty. To fix this picture the 
compound of silver must be removed, as otherwise the 
colour of the entire paper would become uniform. The 
removal of the salt of silver is effected by brushing it 
over with a solution of hypo-sulphite of soda, or a strong 
solution of common salt, after the image has been per- 
fected. In the process of Daguerre, and indeed in every 
photographic process, the principle, as the name implies, 
is the same. 

A feet first observed by Sir Humphrey Davy will 
serve to illustrate the influence of electrical force over 
chemical affinity. If we take three glasses, numbered 1, 
2, and d, and pour into No. 1 some solution of sulphate 
of soda ; into No. 2, some dilute sulphuric acid ; into 
No. 3, some water ; and then connect the solutions by 
slips of moistened amianthus, by immersing the positive 
wire of a galvanic battery in No. 1, and the negative 
wire in No. 3, the sulphate of soda will be decomposed 
by the electric current, and its alkali will pass into the 
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vrater in the glass No. 3, while the acid in No. 2, 
through which it must have passed^ and which has a 
strong affinity for it^ remains in its original condition. In 
this case the attraction of the negative pole of the battery 
-was more potent than the affinity of the soda for the 
sulphuric acid. F^fessor Faraday terms the decomposi- 
tion which takes place in this way electrolysis, and the 
substances acted upon electrolytes* 

COMBUSTION. 

A EI8B of temperature characterizes the union of bodies 
havmg a chemical affinity for each other^ and when this 
affinity is powerful^ combination takes place^ with heat 
sufficiently intense to render the bodies luminous. This 
process is called combiution. In the &niiliar accepta- 
tion, when the elements of a body unite with the oxy- 
gen of the air to form new products^ the imion being 
accompanied with the phenomena of heat and lights 
the body is said to bum^ and to be combustible, the 
oxygen being styled the supporter of combustion. In a 
strict scientific sense this definition is incorrect, as oxygen 
may be burned in another body ; hydrogen, for instance, 
when it has no more share in the process as a supporter 
of combustion than the body in which it is burned. 
During combustion, as in every case of chemical combi- 
nation, no] particle of matter is annihilated or lost ; the 
forms assumed may be invisible, but all the resists of 
combustion are appreciable by weight and measurement. 
Slow combustion produces heat, though not to such an 
extent as to attract observation. A number of sticks of 
phosphorus placed together will warm each other suffi- 
ciently to cause them to burst into flame. If cotton or 
linen rags, saturated with oil or tallow, be allowed to lie 
in a heap, the greasy matter rapidly combines with the 
oxygen of the air, and the heat thus evolved vnll ignite 
the mass. This fact will serve to account for what are 
called spontaneous fires. The i^is fcstuus^ or wHl o* the 
wisp, is a result of the slow, spontaneous combustion 
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of inflammable matter evolved upon the 8urfiu» of 
marshes. 

The causes which produce combustion are in s(»ne 
instances very singular. Thus, if a piece of spongy 
platina be plunged into a vessel of oxygen and hydrogen 
gases mixed in the proper proportions to fonn water^ an 
explosion will immediately follow, and the fonnation 
of water will be the result. This appears to depend 
upon a power possessed by platina of condensing upon 
its surface the particles of whatever gas it may be in 
contact with. To exert this power the surface of the 
metal must not be soiled, and the laiger the svudhce the 
more intense will be the action ; hence the use of spongy 
platina, which in a small bulk exposes a large surfiure. 
The hydrogen gas lamp acts upon this principle ; a jet 
of hydrogen gas generated by the action of dilute Sul- 
phuric acid upon a piece of zinc, is made to play upon a 
bit of spongy platina, within the pores of wluch a quan- 
tity of oxygen gas is condensed. The chemical union 
of the two gases gives rise to a temperature sufficient 
to heat the platina to redness ; the jet of hydrogen is 
ignited and the flame may then be communicated to any 
other inflammable substance. 

When two bodies are brought into chemical combi-' 
nation, combustion, where it occurs, takes place only 
at the point where the two substances are in contact. 
In the flame of a gandle or lamp, combustion, properly 
so called, is confined to a thin layer at the surface, 
interior to which is the combustible material of the 
burning body in a gaseous, but not luminous form. 
This may be demonstrated by holding over the flame 
a piece of wire gause : that part of the flame und^oing 
combustion is marked by a ring of light, internal to 
which all is dark, though inflammable, for the vapour 
which passes through the wire gause may be ignited 
upon the other side. In the flame of a candle four dis- 
tinct portions, each differently constituted, may be 
marked out At the base of the flame where the air is 
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in cfxcess and 'the combustion completed at once, a pale 
blue coloured light is observed ; as the flame moves up- 
wards the combustible material is in excess, and the 
most brilliant Kght is 'emitted. The temperature of 
Aaxne is in every case very high, though it may not be 
luminous, the light emitted arising from the circum* 
stances of the combination ; thus a current of air, though 
it 18 not burning itself, may be hot enough to ignite 
a soHd body. Hence, wherever a bright light is pro- 
duced by combustion, one of the bodies must be solid, 
and the light is evolved by its ignition. Hydrogen and 
sulphur alTord very little light, for the one is a gas, and 
the other while undergoing combustion is in a state of 
vapour, and the products are in both cases gaseous. The 
sotirse of l%ht in the case of a candle, is the decomposi- 
tion of the inflammable vapour inside of the flame, from 
the high temperature : half of its carbon forms smoke, 
the ignition of which is the great source of light in this 
instance ; fer a body which could not form smoke could 
not yield much light in burning. The separation of this 
smoke (carbon) may be effected by placing over the 
flame of a candle a sheet of wire gauze below the 
middle of the most luminous part ; the flame will become 
dull, and the carbon, the combustion of which would 
have given it brightness, passes in the form of smoke 
through the gauze and may be ignited on the other side. 
When* a clear, bright light is desirable, the burning of 
as much of this smoke or carbon as is possible must be 
effected. The Argand lamp is a contrivance for this 
purpose ; tite combustion of the carbcm being facilitated 
by the- passage of a current of air through the centre of 
the fianae, the oxygen of the air combining with the 
carbon : the 'action of the blow-pipe depends upon the 
same }»inei)ple, and when the current of air is replaced 
by oae of oxj^n gas, the intense light is produced 
wiwdi is fan^iliaky known by the name of " the Bude 
light." The^ smokeHionsnming principle is applied in 
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a variety of ways, and on a large scale, in the fuznaces 

of manufactories. 

THE LAWS OP COMBINATION. 

It is a peculiar character of chemical affinity, that 
bodies which enter into combination under its influence, 
always do so in certain fixed proportions, thus diatin- 
guishing its action from cohesion, to wbdch this rule 
cannot apply. The elements which enter into combi- 
nation to form any compound body, chloride of sodium, 
for instance, combine in certain proportions, and these 
are found to be invariable; thus, 100 parts of chloride 
of sodium always contain 39*66 parts of sodium, and 
60*34 of chlorine. The importance of this law is evident, 
for if bodies were to combine in every proportion, with- 
out any fixed rule, no accurate estimate of their charac- 
ter or capabilities could be made. 

When a compound body is resolved into its elements, 
the proportions by weight of these elements have a constant 
relation to each other, and are, when reduced to numbers, 
called the combining proportions, or equivalents, of these 
elements. For example, if 100 parts of oxide of copper 
be heated in hydrogen gas, the oxygen of the oxide 
unites with the hydrogen, forming water, and the copper 
is reduced to its metallic state. In the 100 parts of 
oxide there were 79*83 of metallic copper, and 20*17 
oxygen, which last uniting with 2*52 of hydrogen form 
22*69 of water. In this case the 2*52 parts of hydrogen 
equally meet the combining force of the 20* 17 of oxygen 
as the 79*83 of copper, and hence the quantities stated 
of hydrogen and copper are equivalent to each other. 
In this manner, but on a more extended and complicated 
scale, the combining proportions of most of the metals 
have been determined. 

In the formation of a table of the equivalents of sim- 
ple elements, oxygen has been taken as unity by one set 
of philosophers, while hydrogen has been adopted, by 
another. The hydrogen scale obtained the sanction of 
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Sir Humphrey Davy, $aii. has been in very general Use 
since his time ; it is also recommended by tne ^ct, that 
hydrogen of all simple bodies has the smallest equivalent. 
The oxygen scale is regarded as most convenient in use, 
owing to the vast majority of bodies into which it enters 
as a constituent, and its number being rated at 100.« 
simplifies calculations. In this treatise the hydrogen 
standard will be adopted, as the one in popular use 
in lectures and works on chemistry. The following 
table presents a list of the simple elements, with their 
equivsdents respectively, on this scale, hydrogen being 
represented as 1. 



Aluiniimm 


13-7 


Mercury • 


101-43 


Antimoiiy 


. 129-2 


Molybdenum 


47-96 


Arsenic 


75-34 


Nickel 


29-62 


Barium 


. 68-66 


Nitrogen . 


1400 


Bismuth . 


7M0 


Osmium 


99-72 


Boron . 


. 10-91 


Oxygen 


801 


Bromine . 


78'39 


Pallf^ium . • 


53-36 


Cadminm 


. 55-88 


Phosphorus 


31-44 


Calcium . 


20-52 


Platinum 


. 98-84 


Carbon 


6-08 


Potassium 


39-28 


Cerium . « 


46-06 


Rhodium • 


52-2 


Chlorine 


. 35-47 


Selenium • < 


39-63 


Chromium 


28-19 


Silicon , 


22-22 


Cobalt . 


. 29-57 


Silver , • . 


. 108-3 


Columbium 


184-90 


Sodium 


23-31 


Copper 


. 31-71 


Strontium • 


. 43-85 


Fluorine • 


18-74 


Sulphur , 


16-12 


Gluciaum 


. 26-54 


Tellurium , 


. 64»26 


Gold 


. . 199-21 


Thorium • 


59-83 


Hydrogen 


1-00 


Tin . 


. 58-92 


Iodine 


126-6 


Titanium . 


24-33 


Iridium 


. 98-84 


Tungsten 


. 94-80 


Iron 


27-18 


Vanadium 


68-66 


I^nthaimm . 




Uranium 


. 217-26 


Lead 


. ' 103-73 


Yttrium . 


32-25 


Lithium , 


6-44 


Zinc 


. 32-31 


Magnesium 


12-69 


Zirconimn , 


33-67 


Mmganeee . 


. 27*72 
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In the mutual decomposition of salts the principle of 
equivalents is fully demonstrated, and its application 
liecomes of great practical value. For example, 130*7 
parts of nitrate of barytes require for their decomposition 
7 1'S parts of dry sulphate of soda, and the results of the 
decomposition are 116*7 parts of sulphate of barytes, 
and 85*3 of nitrate of soda. The composition of fliese 
salts is here exhibited. 



Sulphate of Barytes, 

Sulphuric acid . 
ikirytes 



Xitr<Uf of Barytes, 

Nitric acid . • 
Uurytes • . 



Nitraie <f Soda, 

40 Nitric acid . . 54 

767 Soda . . . 31-3 

1167 86-3 

Sulphate of Soda. 

54 Sulphuric acid . 40 

767 Soda . . .31-5 

1307 71-3 



It will easily be seen, that the relative proportions of 
the above are just sufficient to neutralize each other ; 
and as, according to the law of equivalents, the inter- 
change of elements invariably takes place in regular 
proportions, if any larger quantity of either salt were 
present, it would remain uncombined. 

According to this rule, it is easy to determine the 
equivalent of any new body. If it be an acid, it may 
be combined with a base the equivalent of which is 
known ; if it be a base it may be united with an acid ; 
if a metal, with oxygen or chlorine, and so on. The 
compound formed by the new body in any of these cases, 
will, upon analysis, yield the required equivalent, which 
is what remains over and above the sum of the known 
equivalent, allowing one equivalent of each to be the 
subject of examination. 

When bodies unite in more proportions than one, 
they combine in simple multiples of the equivalents 
forming the primary combination. The compounds of 
manganese and nitrogen with oxygen, are good examples 
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of this rule, as will be 5een by the following table, in 
which, to save fractional computation, the oxygen scale 
is adopted. 

349*9 unite with 100 'of oxygen to form protoxide. 
349' 9 „ 150 „ sesquioxide. 

349-9 „ 200 „ peroxide. 

349*9 „ 250 yf manganous acid. 

349*9 „ 300 „ manganic acid. 

349*9 „ 350 „ peimanganic acid. 

175 of nitrogen unite with 100 of oxygen to form nitrous-oxide. 
175 „ 200 „ nitric oxyde. 

175 „ 300 „ hyponitrous acid. 

1 75 „ 400 „ nitrous acid. 

1 75 „ 500 „ nitric acid. 

The relative quantities in which the oxygen unites 
with the manganese are in the proportion of 2, 3, 4, 5, 6, 
7, and with the nitrogen, 1, 2, S, 4, 5. In the last case 
the proportions of oxygen entering into the different 
compounds are simple multiples of the first proportion ; 
in the corapoimds of manganese they are multiples of 
one half the quantity of oxygen in the protoxide. The 
different combinations in both cases are symbolically 
exprest thus : 

NO f Nitrous oxide.) Mn.O (Protoxide of manganese.) 

NO^ (Nitric oxide.) . Mn^jOg (Sesquioxide of manganese.) 

NO 3 (Hyponitrous acid.) Mn.02 (Peroxide of manganese.) 

NO^ (Nitrous acid.) ' Mn.O 3 (Manganic acid.) 

NO 5 (Nitric add.) Mn^O, (Permanganic acid.) 

The numbers attached below and to the right in 
this table are by some writers placed on the same line 
with the symbol and to the left, thus ; N + 2 0, 
Mn + 3 0. Numbers so placed apply only to the sym- 
bol to which they are attached, but in other cases they 
are made to signify groups of symbols. Thus 3 Mn 
means three equivalents of protoxide of manganese, that 
is to say, three equivalents of manganese and three of 
oxygen in combination. 

Theory 0/ volumes. Oxygen, hydrogen, chlorine, and 
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nitrogen in the proportions by weight which correspond 
to their equivalent numbers, will afford in their volumes 
a 'c^rtairi' relation to each other, the volume of oxygen 
being 'half of tJiat 'of each of the other gases. lodme 
an4'1)rdmine, converted into vapour, in quantities propor- 
ttenal to thedr eqtdvalcnts by weight, have the same 
volume as the equivalent of hydrogen gas* Equivalent 
weights of arsenic and phosphorus, in the gaseous form, 
have a volume equal to that of the same equivalent of 
oxygen gas ; and sulphur, under like conditions, has a 
volutne one third of that of oxygen. An equivalent of 
mercury, in the shape of vapour, is in volume four times 
that of oxygen, and double that of chlorine and hydro- 
gen gas. It would appear irom these &ct8, that al- 
though the equivalents of simple elements are very dis- 
similar and have a very wide range, their volumes 
in the gaseous state bear a very simple relation to each 
other. This rule also applies to the compounds which 
these bodies form. The volumes of the united gases 
are in dmple equivalent proportion to each other, and 
Whetl the same gases unite in more than one proportion; 
the second proportion is a multiple of the first. When 
a condensation of volume takes place, the condensed vo- 
lume* bears a shnple proportion to the volumes of the 
separate elements. In the formation of water one vo- 
liune of oxygen tmites with two of hydrogen, and the 
reftufhing volume of watery vapour is equal to the vo- 
lui^ of the hydrogen present. One volume of nitrogen 
unites' with three of hydrogen to form ammonia, and the 
feur volumes are condensed into two. This rule applies 
to'a'E bodiei^ which are either gaseous or are capable of 
assuming the gaseous form t and, moreover, all remarks 
mad^ in relation to the law of combination in multiple 
pf6]f>tolottS by weigjht hold good with respect to combi- 
nation by volutne ; for example, the compounds of chlo- 
rine' and oxygen which are by weight — CI. 0, d. 
04."C!.'0a: CI. O7. "are by volume t of chlorine to I, 
4, 5, iartd 7 v6lumes of oxygen. 



'■ ' ' THB ATOMIC fHfiOttt/'i "'^ -'i .!-.-.. i fK. 

The theory of the^ atonu^ cqi^sUtutiOQ ,ancL, cq][ji||iin^- 
tion of matter, as projpoundecl by J)altOf), is jip.AU k^l 
essential points^ folio w?: All aubstaj:jces.,^e,(J9^at|r. 
tixted oi.ato^nSf, or indivisible particlefu Th^se .atpjp^t 
are of different weights^ and prpbably of variows piag- 
nitudes in different kinda of matter. When bodies 
combine their combination must be so effected^ that one 
atom of one body unites chemically with one atom of 
another body; or one atom of the first body must 
unite with two> threoj Or four, atoms of the s^ond; 
or, two atojns of the first body with three, five, or seven^ 
atoms of the second. No intermediate degrees of com- 
bination ca;n occur> for the atom^ being indivisible^^' 
cannot enter into combination in any other proportion.^ 
Xhe relative weights of these atoms are the equivalent 
numbers of the bodies combined; eight parts of oxygen 
unite with one part of hydrogen, by weight, to form 
water^ because th^ simplest proportions in w^ich they 
can combine are one atom of each, and the ^tom of 
oxygen is eight times as heavy as the atom of hydrogen ; 
eight part^ of oxygen are equivalent to 35*4 parts of 
chlorine, for when an atom of hydrogen leaves the atom, 
of oxygen it combines with an atom of chloiine, wliuch h 
weightier than that of oxygen in the ratio of 35*4 tp isl- 
and the quantity must be determine4 accordinglyv*. 
When a second atom of oxygen combine^ with hydrogey^. 
it doubles the quantity of oxygen which the equivalent, 
of hydrogen has united with, and thus, as may be sl^owa 
by many examples, involves the law of myltipie com- 
bination. 

Dumas .is of opinion, with reference to this' theo^^ 
that it ia possible and more in accordance with e]{;peri7 
ment to explain the laws of cihemical copiibin^tion, ji^e^ 
pendent of all considerations a9 tp whether: combining 
particles ^e divisible or not. Br* Kane eonsi^^rsths^t 
sensible masses of matter are constituted of anj;]:][iber of 
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lesser masses^ which again may be made up of similaT 
constituent groups, proceeding downward to any extent, 
but still without involving the question of a limit to the 
degree of possible division ; that one class of these groups 
of particles is represented by the equivalent numbers ; 
and that it is possible these numbers may indicate the 
manner in which the chemically combining groups may 
be supposed to subdivide themselves in order to generate 
a set of groups of an inferior class. 

That the theory of atoms is of immense utility in the 
philosophy of chemistry, by enabling us to trace to the 
action of a general principle the numerical conditions to 
which chemical affinities are subject, is undeniable ; but 
as far the question of finite divisibility is involved, it is 
quite certain that no positive decision can be made, and 
the researches of Wollaston and Faraday have left the 
matter pretty much in the predicament in which Demo- 
critus and Leucippus found it. 

Isomorphism. — The property which some bodies, 
though differently constituted, possess of assuming the 
same crystalline shape is termed Isomorphism. Oxide 
of zinc and magnesia are isomorphous ; barytes and 
oxide of lead are isomorphous ; Hme is dimorphous, being 
in one form isomorphous with oxide of lead, and in the 
other with magnesia. Isomorphous bodies bear a great 
similarity to each other in their chemical properties, and 
generally follow the same laws of combination. 

Catalysis. — Decompositions often take place which 
are not referable to the influence of affinity. An union 
will also take place of bodies having but little affinity for 
each other, when brought into contact with a body for 
which neither has an affinity, and which remains un- 
changed. Thus, when a mixture of hydrogen and oxygen 
are brought into contact with a clean piece of platina, 
the gases combine with a development of heat sufficient 
to ignite the metal : the platina in this case is supposed 
to condense the mixed gases upon its surface and thus 
bring them within the sphere of their affinities. This 
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theory, however, will not account for other phenomena. 
For instance, if starch be boiled with dilute sulphuric 
acid, it will be converted successively into four different 
substances, and the sulphuric acid will be found the same 
in propeities and quantity as at first Berzelius desig- 
nated this process catalysis in contradistinction to that 
of analysis, which is the result of ordinary affinity. 

SIMPLJB NON-METALLIC BODIES. OXYGEN. 

This element constitutes more than a fiflh of the 
atmosphere and eight-ninths of all the water which 
exists in such large quantities upon the earth ; it 
enters largely into the composition of most animal and 
vegetable substances, and forms at least a third of the 
weight of the mineiBl crust of the globe. Combustion 
and respiration depend upon it, and the functions of 
organic life, animal and vegetable, are intimately con^ 
nected with its agency. It is a colourless transparent gas 
of specific gravity 1102*6 ; 100 cubic inches of it weigh 
S4'2 grains ; its refractive index is 0*8616, air taken at 
a 10^000; 100 cubic inches of water take up between 
three and four inches of the gas. Oxygen may be ob- 
tained in a variety of ways. The one by which it is pro- 
cured on a large scale is as follows : — ^peroxide of man- 
ganese is put into an iron bottle, to the neck of which is 
attached a piece of gun-barrel connected vrith a smaller 
tube. To afford free motion the tube which passes to the 
pneumatic trough, or the gasometer in which the gas is 
collected, is connected to the final tube by a caoutchouc 
connector. The bottle, filled two-thirds with peroxide 
of manganese, is placed in a common fire, or in a furnace. 
Some water first passes off, and often, from the presence 
of carbonate of lime and of ammonia, the first portions 
of gas are mixed with carbonic acid, or with nitrogen ; 
these should be allowed to escape, and the gas collected 
only when a small tube full of it is capable of re-light- 
ing an extinguished taper four or five times. Pure dry 
peroxide of manganese consists of 27*7 of manganese, 
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and 16 of oxygen, of which 5*3 are given ofif : andheace 
1 lb. troy of it can fumiah about 700 grains, or nearly 
2000 cubic inches, equal to seven imperial gallons of gas. 
But the quantity generally produced is not more than 
two-thirds of that, owing to the impurity of the peroxide 
of manganese found in commerce* 

Peroxide of manganese yields more oxygen when 
acted upon by oil of vitriol, than by the application of 
heat* One proportion is given ofif, the remaining one 
uniting with the manganese to form protoxide, which 
combines with the sulphuric acid to fiHrm sulphate of 
protoxide of manganese, expressed in symbols thus:— H0» 
SOg. 4- Mn. 0,. = SO,. Mn. + ; or, in plain terms, 
one equivalent of water (HO.), one of sulphuric acid 
(SOs.), forming oil of vitriol, or liquid sulphuric add of 
conunerce, added to an equivalent of manganese (Mn.)> 
united with two of oxygen (0,.), forming peroxide of man* 
ganese, the results of which when decomposed are one 
part of oil of vitriol (HO. SO3.), one of protoxide of manga^ 
nese (Mn. 0.), and one of free oxygen (0.)« This process 
is conducted by placing a flask containing the manganese 
in a cup of sand, over the flame of a lamp, and pouring 
in twice its weight of oil of vitriol.; a bent tube inserted 
into the mouth of the flask dips into the pneumatic 
trough, and under the jar intended to collect the gas. 
When the flask is heated oxygen gas is disengaged 
rapidly. Towards the end of the process the water is 
apt to pass firom the pneumatic trough into the flaak, and 
create an explosion with the heated oil of vitrioL The 
results of this decomposition have been generally stated to 
be one part of free oxygen, and one part of sulphate of 
manganese, but they are correctly as follow : By a veiy 
moderate heat the sulfdnuic acid decomposes the per* 
oxide (Mn. O9.) into protoxide (Mn» 0.) and perman- 
ganic acid (Mn^. O^.). This is decomposed when the 
temperature is raised into (Mn. O^.) manganic acidi 
and an equivalent of fre^ oxygen. The temperature 
must be raised very much to decompose the numganio 
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acid (Mn. Oa.), into 2 parts of 03cygen (Og.), and 1 of pro- 
toxide of manganese (Mn. 0.) ; and^ accordingly, the 
residue in the liask is generally green from the presence 
of manganic acid. 

Pore oxygen may be procured by heating in a flask to 
which a bent tube is attached a small quantity of chlorate 
of potash^ which consists of five parts of chloric acid (CL 
O5.), and one of potash (KO.). When heated a little 
above its melting pointy this salt gives off all its oxygen^ 
and chloride of potassium remains in the flask. 100 
parts of the chlorate give off 39 parts of oxygen by weighty 
or 543 cubic inches. 

Oxygen is an active supporter of combustion. If we 
Wow out the flame of a lighted taper it will be instantly 
revived by plunging the taper into oxygen gas. A piece 
of charcoal ignited at a point, when immersed in oxygen, 
will bum, throwing off rapid scintillations of intense 
brilliancy, and the light emitted during the combustion 
of phosphorus in oxygen is insupportable by the eye. 
Bodies not combustible under other circumstances may 
be made to bum in oxygen. For example, if a piece of 
iron wiiB^ having a small portion of lighted taper attached 
to the end of it, be placed in a jar of oxygen, the com- 
bustion will extend to the iron wire, and it will become 
oxidized with disengagement of ^eat heat and light. So 
intense is the heat evolved during this process, that the 
iron is melted, and fiJls in drops from the buming wire ; 
these drops retain heat enough to fuse themselves, even 
after having passed through water, into the substance of 
the earthenware plate, upon which the jar is usually 
placed, or if a drop be made by a quick motion of the 
jar to impinge upon the glass, it will melt its way into 
the glass, or even through it, if it be thin. 

Oxygen is necessary to the support of animal life, the 
atmosphere being rendered respirable by its presence. 
l%e bri^t arterial blood having fulfilled its function, 
by depomting nutrition throughout the body, returns 
along' the veins to the limgs, loaded with matter useless^ 
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if not injurious^ to the animal economy. In the lungs, 
the darkened venous blood is exposed to the action of 
air, from which it absorbs oxygen^ and, evolving car- 
bonic acid, becomes re-arterialized. If venous blood, 
even out of the body, be mixed with oxygen, it will 
assume the characters of arterial blood. Pure oxygen 
is not fitted for the support of animal life, though life 
will be sustained longer in it than in the same mea- 
sure of atmospheric air. Life in oxygen is too vivid, 
too active, the powers of life are exaggerated and soon 
expended ; the animal that has lived in oxygen dies with 
the body in a condition of high inflanunatory fever. 
Most of the acids contain oxygen, and it was in the sup- 
position that the powers of conferring acid properties was 
peculiar to it, that the name oxygen originated, o{vc dcid 
and y^vvata to begety being the etymology of the word. 

HTDBOGBN. 

This element is found as a .constituent of animal 
and vegetable matter in great abundance, and it com- 
bines with oxygen to form water ; from the latter feet 
it derives its name (v^wp waiter , and ytwata). The 
simplest form under which the decomposition of water can 
be exhibited, is by placing a piece of potassium in con- 
tact with it, when the metal immediately abstracts oxy- 
gen from the water, setting hydrogen firee, which may be 
collected if the experiment be conducted under a bell- 
glass inverted in mercury or water ; but if the process 
be allowed to go on in contact with air, the action is so 
rapid and violent, that the heat evolved inflames the hy- 
drogen, which bums as it is liberated. The materials 
here used are water (HO.), and potassium (K.), the 
products oxide of potassium (KO. potash), and hydro- 
gen (H.). 

The ordinary mode of procuring hydrogen is by con- 
ducting a current of watery vapour over iron filings, 
heated to redness, in a gun-barrel. The iron filings are 
converted into oxide of iron by abstracting the oxygen 
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of the watery vapour^ and the hydrogen of the vapour 
is set free and may be collected. 

By completing the circuit of a galvanic battery 
through water to which some sulphuric acid or common 
salt luis been added, to make it a good conductor, the ele- 
ments of water, (oxygen, and hydrogen,) are separated 
at opposite poles of Uie battery. 

If filings of iron or small pieces of zinc be put into a 
flask containing some water mixed with one-eighth of 
sulphuric acid, a brisk effervescence will ensue, hydrogen 
will be disengaged, and the metal dissolved. In this case, 
zinc being the metal, zinc (Zn.), sulphuric acid (S08.),aBd 
water (HO.), reacting on each other, produce sulphate 
of zinc (SOg. +Zn. 0.), and hydrogen (H.), the equivalent 
of oxygen previously in combination with the hydrogen 
going to form oxide of zinc^ which imites with sulphuric 
acid. It is only from zinc that has undergone distilla- 
tion that pure hydrogen can be procured, as the zinc of 
commerce and iron also generally contain traces of car- 
bon, sulphur^ or arsenic, any or all of which will combine 
with the hydrogen, imparting to it a disi^eeable odour, 
and colouring its flame. Potassium and zinc, in a state 
of very minute division, may also be taken up with the 
gas. To purify hydrogen obtained in this way, it may 
be made to pass slowly through solutions of potash and 
of corrosive sublimate, which will absorb the arsenic and 
sulphur^ and through alcohol, which will deprive it of 
carburetted hydrogen. 

Pure hydrogen bums with a very pale white flame, 
almost invisible in the daytime, and while burning unites 
with the oxygen of the air to form water. If the orifice 
of a jar full of hydrogen be turned upwards, and the gas be 
then inflamed, the entire mass will rush out and present 
a volume of pale yellowish flame. If, previous to igni- 
tion, it be mixed with air, an explosion will take place. 
Hydrogen is not a supporter of combustion, for if a 
lighted taper be plunged into that gas the flame will be 
instantly extinguished. Hydrogen is colourless^ trans^- 
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parent, very sparingly absorbed by water^ reftscts light 
strongly, and in its capacity for heat exceeds all other 
gases. It is the lightest element known, being one- 
fifteenth of the weight of air. It has been used to fill 
balloons, but as coal gas is much more easily pro- 
cured, it is now generally applied to that purpose, hr, 
though heavier than hydrogen, it is much lighter than air. 

When two volumes of hydrogen are burned with one 
of oxygen water is formed. A mixture of hydrogen and 
oxygen may be exploded by the electric spark. In this 
process an instrument called an eudiometer is used, 
formed of a strong glass tube perforated by two oppo- 
site wires. The gases being confined in this tube are 
exploded by passing an electric spttfk across the wires, 
and if the gases have been in the due proportions for 
forming water, the tube will be filled with vapour, 
which, after a short time, will be deposited on the sides 
of the tube. Hydrogen and oxygen may be made to 
form water without exploding, or even undergoing any 
perceptible combustion by transmitting them through a 
tube heated nearly to redness, and if the tube contain 
sand, or coarsely-powdered glass, this union will take 
place at a much lower temperature. Slips <^ gold and 
silver tend to promote the combination even more 
strongly than sand and glass, and platinum effects the 
union at ordinary temperatures. 

The most intense heat that can be produced by arti- 
ficial means is that evolved during the combustion of 
hydrogen and oxygen. This heat is applied by the in- 
strument called the oxyhydit>gen blowpipe. The ap- 
paratus should be so constructed as to prevent the risk 
of explosion. This is best effected by connecting two 
tubes from distinct gasometers, or bags of gas, near to 
the point where the jet is to be formed, and the jet will 
be perfect if it consist of two volumes of hydrogen and 
one of oxygen, the latter being made to pass through a 
hollow cylindrical jet of the hydrogen, which is effected 
by an arrangement of the tubes. 
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For experiments on a small scale Hemming's appa- 
ratus is the best, all risk of explosion being prevented 
by its use. 

The most obdurate substances yield to the influence 
of the Qxyhydrogen flame : flint, pipeclay, even plati- 
num^ are not merely fused but apparently vaporised ; 
iron bums in it with more brilliancy than in oxygen. 
Some of the earths resist its power, and of these hme 
and magnesia^ the first especially, become so luminous as 
to jrival if not exceed in brightness the most intense solar 
ray, for which the oxyhydrogen lime light, or " Drum- 
mond light/' is commonly used as a substitute in opti- 
cal as well as chemical experiments. The light evolved 
by the oxyhydrogen jet playing on a piece of lime, has 
been distinctly visible at seventy miles' distance. 

It was until recently the generally received doctrine, 
that hydrogen had the same property with reference to 
one set of bases that oxygen has with another, namely, 
the power of generating acids with them, the acids so 
formed being termed hydracids; for instance, hydro- 
chloric acid, in the formation of which hydrogen was 
supposed to bear the same relation to chlorine that oxy- 
gen has to sulphur in sulphuric acid. From this Dr. 
iCane was the first to dissent. His researches go to prove, 
that hydrogen is an eminently electro-positive body, 
that it takes a place along with iron, manganese, and 
zinc, and that the confounds of hydrogen with chlorine, 
iodine, and sulphur, are ahnost universally electro-posi- 
tive, and possess basic diaracters derived from the high 
positive energies of the hydrogen itself. The investiga- 
tions of Professor Graham have corroborated these views, 
and no doubt appears to exist that hydrogen is closely 
allied to the metals, especially to zinc and copper ; that 
the chlorides, iodides and fluorides of hydrogen, though 
possessiAg some of the characters of acids, also closely 
resemble the. chlorides, iodides and fluorides of zinc and 
copper ; that, in short hydrogen is essentially a metal 
of immense volatility, but possessing all the true che- 
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mical peculiarities of tnetals, and ^^ no more dojNived df 
the common qaalities of lustro, hardness^ or brilHimcyy 
than 18 the mercurial atmosphere which fills the appa- 
rently empty top of the tube of a barometer, or the taXi* 
vating air of a quicksilver mine^ or of a gildei^s wcfrk- 
shop.** 

WATJEB. 

Pure water conBists of two proportions of hydrogen 
and one of oxygen in volumes, and by weight one part 
of hydrogen to eight of oxygen, or of 1 1"1 of hydrogen 
and 88'9 of oxygen in 100 parts. These proportions 
are ascertained by passing hydrogen over chloride of arf- 
ciam in order to thorou^ly dry it, and then over black 
oxide of copper heated to redness. The oxide of copper is 
reduced to a metallic state, and its oxygen combines with 
the hydrogen to form water. Water is aesumed t^ Iw 
composed of an eqtiivalent of each of its conBtituents, 
and its atomic weight is one atom of oxygen 8 + one 
of hydrogen =r 9 ; it is transparent, colourless, and 
destitute of taste and smell. It freezes at 82 F., bat 
may be cooled much lower without solidifying if kept 
perfectly quiet ; if then shaken it forms ice, and its 
temperature is raised to 9%^; in freezing it exerts a 
tremendous expansive force. Water is converted hito 
vapour at 212°, the specific gravity of which is 620»1, 
air being 1000. Two volumes of steam contaBoi two 
of hydrogen and one of oxygen. According to (Shiy 
Lussac, water in forming steam at 2 1 2", and at a predsstte 
equal to 50 inches of mercury expands to' 169^ tiwies 
its volume, a cubic inch of water forming ahno^t a cubic 
foot of steam, or 1728 cubic inches. • i . • 

Gases are absorbed by water in- variable <quant]ties: in 
some cases, as with muriatic ncid gas and ammonia, che- 
mical union takes place; in other*, th^ particle of the 
gas are merely mechanically mixed with the fltdd. 

The agreeable; taste of water is owing to the atmos- 
pheric air which it contains in solution ; this is driven 
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off by boilings and if it be intended to saturate water with 
any gas the air it contains should be expelled in this 
way^ as the presence of a vexy small portion of air will 
diminiidi yery much the power of absorption on the part 
of the water. 

. Water enters into chemical combination with very 
many substances. Most salts in crystallizing retain 
water, — ^this is termed water of ciystallization, and is 
driven off by the application of heat, the salt being in 
many instances dissolved in its own water of crystalliza- 
tion, or, as it is called, undergoing watery fusion. Crys« 
tals which attract more water from the atmosphere are 
said to be deliquescent ; those which lose their water of 
crystallization and fall to powder are called efflorescenU 
Professor Graham is of opinion that salts, in addition to 
their water of crystallization, contain water which re* 
mains when that of crystallization is driven off, and which 
is essentially necessary to their constitution, and only parts 
firom them when they enter into combination with other 
bodies. Thus, from crystals of sulphate of copper four 
proportions of water may be driven off by a tempera- 
ture of 150% whilst a fifth resists a heat of 300"* ; this 
fifth is removed when the salt combines with another, 
and is called the constitutional water of the salt. 

Water acts the part of a base in combination with 
some of the more powerful acids ; many are only recog- 
nised in union with it, such as the nitric, chloric, oxalic^ 
and acetic, which cannot be obtained separate from 
water. Sulphuric acid of commerce, or oil of vitriol, is 
a sulphate of water, and such salts of water bear a com- 
plete similarity to those of zinc and copper. 

Water enters into combination also with bases, often 
with evolution of much heat. The heat evolved during 
the combination of dry lime with water, or the slaking 
of lime as it is called, is sufficient to ignite gunpowder, 
and if the mass be considerable a red heat will be 
produced. Ships laden with lime have been set on fire 
in this way by the accidental influx of water. The 

6 
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evolution of heat is still greater during the combination 
of water with strontia and barytes. In relation to these 
bases water appears to play the part of an acid. 

The compounds of water are usually termed hydrates^ 
as hydrate of lime, hydrated sulphuric acid ; and sub- 
stances destitute of water are called anhydrous. Water 
naturally contains a number of impurities ; of these the 
most general are air^ carbonic acid, common salt, sul- 
phates and carbonates of lime, and chloride of magne- 
sium. Some springs are found to contain iron, and often 
sulphuretted hydrogen, also traces of bromine and iodine, 
&c. ; and where these are contained in sufficient amount 
the water is used for medicinal purposes, and is termed 
mineral or spa water. As mineral matter is taken up 
during the percolation of water throu^ the different 
strata it may have passed, rain and snow*water are 
the purest natural water ; and even these contain air 
and carbonic acid in solution, so that, for chemical pur- 
poses, water must be distilled. The sea, as the reservoir 
of all the rivers of the globe, holds in a state of concen- 
tration all the mineral solutions borne into it, and is the 
source in many places whence common salt and sulphate 
of magnesia are derived ; it is nearly similar every- 
where, or, if not, the difference can be accounted for by 
local influences. 

The saline impurities of water may be detected by the 
re-agents which act on th^m separately, — thus, if it con- 
tain common salt, it will give a white precipitate with 
solution of nitrate of silver ; if lime, a precipitate with 
oxalic acid ; if salts of sulphuric acid, nitrate of barytes 
will throw down a precipitate. 

Water is taken as a standard in calculating the specific 
heats and gravities of solids and liquids. 

Peroxide of Hydrogen, — (HO. -f- 0. or HOj.). We 
are indebted to Thenard for the discovery of this sub- 
stance; and as hydrogen and oxygen do not combine 
directly in any other proportions than in those that 
form water, its preparation is indirect. Peroxide of 



CHEMISTRY. 83 

barium must first be prepared, by passing a stream 
of oxygen gas over pure barytes (oxide of barium), 
heated to redness in a porcelain tube as long as any 
may be absorbed : the oxide of barium will absorb as 
inuch more oxygen as it had before. This is added 
to hydrofluoric acid until the acidity of the liquor is 
quite neutralized ; the fluorine combines with the barium, 
and all the oxygen is transferred to the hydrogen, or in 
symbols thus: HF. -f Ba. 03.= Ba. F. -f- HOg. The 
fluoride of barium is insoluble, and the filtered fluid con- 
tains oxygenated water, or peroxide of hydrogen. This 
is concentrated by placing it in the exhausted receiver of 
an air-pump beside a capsule of sulphuric acid; the 
water being more volatile, will evaporate and be ab- 
sorbed by the sulphuric acid, leaving the pure peroxide 
behind. It is a thick, colourless liquid, sp. gr. (specific 
gravity) 1*452 ; has a nauseous taste, and irritates the 
skin, bleaches and destroys all vegetable colours, and its 
redactions upon other substances take place with such 
violence, that, to be experimented on, it must be diluted. 
There are a great many solid substances, by contact with 
any one of which it is rapidly resolved into oxygen and 
water; black oxide of bismuth, gold, silver, platinum, 
and mercury, have this action upon it, as also have the 
oxides of these metals ; in this case the metal and oxy- 
gen are both set free. Peroxide of hydrogen is decom- 
posed by animal fibrine, but not by albumen, thus serv- 
ing to distinguish between two substances bearing a close 
resemblance to each other. When kept for some time, 
even diluted, it is decomposed, oxygen being freed, and 
water remaining ; the presence of an acid retards this 
action, and that of an alkali accelerates it. 

NITROOBN (N.), 

Nameb from its being the basis of nitric acid and 
nitre, is also frequently called ctzoie (a mthotU and l^tari 
life)i^from its incapacity to support life. It may be 
procured from atmospheric air by the action of any sub- 

o2 
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stance that wUl absorb the oxygen. If a small piece 
of phosphorus be ignited over water and under a beil- 
glasB, it unites with the oxygen of the air, forming wMte 
funics of phosphoric acid, whach will be absorbed by the 
water, — the gas remaining is nitrogen. Any bimung 
body will effect this decomposition, thou^ not so com- 
pletely as phosphorus. Nitrogen may be obtained from 
most animal substances in which it exists, combined with 
carbon, oxygen, and hydrogen. If a piece of masde be 
boiled in a retort with nitric acid, the carbon and hydro- 
gen of the animal substance will unite with the oxygen 
of the nitric acid to form yarious compounds, nitrogen 
being released from both bodies. If a current of chlorine 
be made to pass through ammonia, salammoniac is 
formed, and nitrogen disengaged : thus, anunonia consists 
of one equivalent of nitrogen and three of hydrogen ; the 
latter unite with' three of chlorine to form three of hydro- 
chloric acid (muriatic acid), which unite with three of 
ammonia to form salammonaic (muriate of anmionia), 
leaving 6ne equivalent of nitrogen disengaged ; in sym- 
bols, — 1 NHa and S CI. give 1 N, free, and 3 CI. H., 
which combine with 8 NH.. to form 8 CIH. NH,. 

Nitrogen is a colourless transparent gas, very sparingly 
absorbed by water, lighter than atmospheric air, its 
sp. gr. being 976, air being 1000 ; it is not a supporter 
of combustion or respiration, as animals are killed by it, 
and the flame of a taper is extinguished in it. These 
effects, however, are ascribed to the absence of oxygen. 
Nitrogen unites indirectly with oxygen to form a number 
of important compounds ; one of these, nitric acid, is 
the one most generally formed. The electric spark will 
effect the union of the gases to form this acid if water or 
alkaline solution be present, hence the occurrence of nitric 
acid in rain-water after a thunder storm, and the neutral- 
ization by nitric acid of lime and potash in old walls. 
Spongy platinum, at a temperatiAre of 572", will convert 
ammonia and oxygen into nitric acid and water. The 
combining equivalent of nitrogen is 14j*0, 
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THB ATM08PH2BS. 

Pure atmospheric air, in 100 parts by weighty consists 
of oxygen gas 23*04 parts^ and of nitrogen gas 76*96 
parts, = 100-00. There is always present, however, in 
atmospheric air some carbonic acid and watery vapour. 
According to the calculations of Saussure, 10,000 volumes 
of air generally contain 4* 1 5 of carbonic acid, the maximum 
being 4*74^ and the minimum 3*15. Over the surface 
of lakes the quantity is diminished, over cities increased^ 
averaging 4*46 : the amoimt is somewhat greater in the 
night-time than in daylight, and in the higher regions of 
air than on the sur&ce of the earth. Traces of carbu- 
retted hydrogen have been found in atmospheric air by 
Saussure and Boussingault. 

To demonstrate the quantities of nitrogen and oxygen 
in atmospheric air, it ia only necessary to act upon it 
with any of the bodies which absorb oxygen. Scheele 
used a solution of sulphuret of potassium, which when 
exposed to the air absorbs oxygen, and is gradually con- 
verted into hyposulphite of potash, the quantity of 
oxygen being ascertained by the amount of absorption. 
There are many methods, however, of determining this 
point, which it is not necessary to detail here. 

The constitution of air appears to be the same at all 
heights, at leasts the experiments of Gay Lussac and 
Brunner support this view ; the former having experi- 
mented upon some which he brought down by a balloon 
from a height of 21,735 feet, and Brunner's analysis 
having been instituted upon air 8'020 feet above the 
level of the sea* 

Many circumstances led to a belief that air was a 
chemical compound of its elements and not a mixture, 
and it was supposed to consist of one volume of oxygen 
and four of nitrogen ; and it was, moreover, alleged, that 
if they were merely mixed the heavier ^s would occupy 
the lower strata of air. To disprove this, it is only ne- 
cessary to remark^ that the elements of air are separated 
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with great facility indeed ; for instance, by a^tation 
with water, by nitric oxide, by metallic lead, &c., which 
in the most feeble chemical combination could scarce^ 
exert such a power ; and again, that the density, refrac- 
tive power, and specific heat of air, are the mean of the 
gases which form it, whi«h is the necessary result of a 
mixture, but not of any case of chemical combination ; 
and, finally, that an artificial mixture of oxygen and 
nitrogen possesses all the properties of atmospheric air. It 
may be proved also by experiment, that mix^ gases do not 
gravitate in proportion to their densities, but evince a 
disposition to mix with each other strong enough to over- 
come the force of gravitation. If two bottles filled with 
gases of diiferent densities be placed one above the other, 
that containing the heavier gas being lowest, and if means 
of interchange of contents be provided, the heavier gas 
will after some time be found in the upper bottle, and 
the lighter will have made its way into the lower one. 
This power of penetrating into the spaces occupied by 
each other is exerted by gases even when obstructed by 
the interposition of a membrane, or by masses of porous 
substances. If a glass be filled with hydrogen, and the 
top being closed by a sheet of Indian rubber, a bell glass 
be placed over it, the hydrogen will pass out of the glass 
more rapidly than the air will supply its place, and the 
Indian rubber will be bent into the glass, and ultimately 
burst by the pressure of the air ; if the glass contain air, 
and the bell glass hydrogen, the Indian rubber will be 
forced up by the excess of hydrogen which passes in. 
The exact law of the diffusion of gases, as assigned by 
Professor Graham, is, that the velocity of diffusion is in- 
versely proportional to the square roots of the specific 
gravity of the gases. 

By the operations of combustion and animal respira- 
tion the atmosphere is being constantly deprived of oxy- 
gen, and carbonic acid is formed at the same time. Car- 
bonic acid being destructive to animal life, air is rendered 
unfit for respiration before half its oxygen is consumed. 
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A h6althy adult vitiates 720 cubic feet of air in twenty- 
four hours ; the same effect is produced by the combustion 
of three ounces of charcoal. From these facts the use of 
winds and storms is obvious, as without the incessant 
agitation to which the atmosphere is liable^ the noxious 
elements so developed would accumulate in certain locali- 
ties^ and destroy all animal existence wherever such 
accumulation should take place ; but when these impu- 
rities are dispersed^ they bear a small proportion to the 
vast extent of the air we live in. Another principle, 
however, is constantly at work in the vegetable kingdom, 
by which the air is retained in a state fitted to support 
animal life. The surfaces of the green leaves of plants 
are, when exposed to the sunlight, continually absorbing 
carbonic acid, and evolving oxygen ,* but in the dark this 
process is reversed, and the coloured parts of plants also 
absorb oxygen, and give out carbonic acid. The action 
of the green surfaces, however, being on a much more 
extended scale, and the time that action is continued 
being of prolonged duration^ the purifying influence of 
plants neutralizes the results of animal respiration. 

One hundred cubic inches of air, free from watery 
vapour and carbonic acid, weigh 31*0117 grains. Its 
sp. gr. is taken as the standard for gases and vapours, 
and is rated at 1000 ; it is about 780 times lighter than 
water, at its greatest density (40*5° F.). The pressure 
of the atmosphere upon each square inch of the earth's 
sur&ce is equal to about fifteen pounds* weight. This 
pressure is equivalent to that of a column of mercury SO 
inches high, and upon this principle the barometer in 
common use is constructed to indicate the pressure which 
the atmosphere exercises at different times. 

In making a barometer the following general con-^ 
ditions are secured: — A tube about 32 inches long, 
closed at the end, is filled with purified mercury and then 
inverted in a vessel of mercury ; the tube being placed in 
a vertical position, the mercury in it will stand at a 
height of from 29 to 30 inches, according to the .pressure 
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of the air. The spaM^e between the top of the tube toad the 
smriaoe of the mercury in the tube Is called the Tonrioelfian 
vacuum, irom Torricelli the hiYentor of the u»tn]ment« 
and though filled with a subtile yapoor of mercury it is at a 
low temperature the nearest approach to a perfect vacuum 
that can be procured. The height of the mercury in the 
tube will vary as the pressure of the atmosphere upon the 
surface of the mercury exposed to it' varies ; this variable 
pressure depends upon the motions of the air, and as these 
are followed by changes in the weather, the variationB in 
the height of the mercury are supposed to portend storms, 
rains, and other changes in the coiulition of the atmos- 
phere ; but the barometer is by no means an imemng(»Bde. 
The atmosphere decreases in density in a regular pro- 
portion to its height ; the lowest portion being pressed 
upon by the superincumbent mass is the most dense. If 
it were of the same density throughout, its height would 
be about five miles. Upon the principle of a diminution 
of density in the air the exact height of mountains may 
be ascertained. The column of mercury in a barometer 
will be shorter on the top of a mountain than on the 
plain, and the difference being marked and then com- 
pared with the known diminution of density the height 
may be determined. The diminution of density is so 
rapid, that one half of the entire mass of air is contained 
within the space of three miles from the surface of the 
earth, and four-fifths of it within eight miles. The 
sense of lassitude, the headaches, and other unpleasant 
sensations experienced by those who have ascended to 
considerable altitudes, are ascribalde to the rarity of the 
air-— the lungs in this case not receiving a sufficient sup- 
ply of oxygen to arterialize the blood. Lakes in ele- 
vated situations, such as the Andes, do not contain fish, 
as the water holds no air in solution. That the absence 
of fish is owing to this cause may be demonstrated by 
placing a fish in a vessel of water under the exhausted 
receiver of an air-pump; the air hekog abstracted the 
fish dies. 
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Ftom the r^fraietiyer pawm*. o£ iSoB oln^sphi^re itisidstin 
ro^tei W €txt)9Qc( fbityHBve milesa^i/fe. the «ofih'4i>iiliiri" 
fafle» or^ iskOra<{oo)rreQtlyy &tH)VQ th6 leVieA #f theis^aoiiMrrif 
it extend b^^KMPid thi» limit, it has noi pdwttfttK^jrs&acftrra 
r&y;Oif light. A ray may pass oloae to any (^f .^he>othet 
]^Qejt» of our system without suffering cbefi6citv)nr> &Mii 
its- direet fiouise> which proves the noivexistenoe^of. at«> 
moepheres around them, a condition whidb could, oot 
esusit if Qike atmosphere extended through aU space^as 
each planet should, have an atmosphere of density pro«> 
por^oned to the mass of the planet involved in it* 

Nitrous (knde, popularly called 'laughing. gas/! .is 
easily prepared by heating crystallized nitrate of .ammonia 
to about 340^ F., when, the salt ia resolved into ^oloKide 
of nitrogen, or mtrous oxide and watery vapoury ene 
equivalent of the nitcate ^ving two of the gas; and four 
of water thws : NO5. (nitric acid) -f NHu. (ammonia)/ =«: 
£ NO (two of nitrous oxide) + 4 HO. (four of water). 
Xhe process may be conducted in a fiaflk with.^> beftt 
tube attached^ one end terminating under a receiving-jar 
placed in a pneumatic trough, the jar being supplied 
with a stop-cock at t<^> to allow the passage of the gap 
vato an empty bladder furnished with anotheristopreoclq. 
The flask may be placed in a cup of saod, or the fliame cf 
a spirit-lamp may be applied to the naked flask.;- bat tbfi 
heat must not be above $50°. As water abeorbsthe 
gas to some extent^ the water in the trough must beiat 
90"*^ the iucretaed ten^rativre depriving it icf muob of 
its capacity for absorption. The specific gravity oiNO. 
is l'S27 ; a lighted taper bums with increased briUiaiiey 
in it| and when blown out may be re-lighted if a lioge 
portion of the wick be red. Phosphorus bums m it with 
aimost as much brilliancy as in oxygen; but the gas 
does not enter into. combination in such oaseSj the com- 
bustion being supported by the oxygen disenga^ during 
.its decomposition* Mixted with its own vohime* of .hy- 
drogen it will bum with an explosion by cosktaet with 
the electric spark or the flame of a taper. 
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This gas when breathed for a few minutes produces 
singular sensations^ in many cases analogous to intoxica- 
tion, but leaving none of the disagreeable results of ordi- 
nary intoxication behind. To produce this e£fect the 
gas must be pure ; for if the salt contain muriate of am- 
monia, as it frequently does, great irritation of .the 
lungs will be caused by the chlorine and nitrous add 
formed in such cases, About two ounces of nitrate of 
ammonia will produce gas enough to intoxicate one per- 
son, that is, from four to five quarts, which must be 
inspired from a bag or bladder, through a pretty wide 
glass tube, compressing the nostrils at the same time. 

Nitric Oxide, or DetUoxide of Nitrogen (NOg.), is 
produced during the decomposition of nitric acid by the 
metals. If dilute nitric acid be poured upon mercury 
or copper in a flask, the metal will be dissolved, the 
solution being pale green if mercury be employed^ and 
dark blue in the case of copper. Reddish fumes are first 
evolved, and when, these pass off the colourless gas 
may be collected in the usual way. In this decompo- 
sition the nitric acid gives three-fifths of its oxygen to 
the copper, forming oxide which imites with undecom- 
posed acid to form nitrate of copper, the remaining 
two-fifths of oxygen forming nitric oxide with the nitro- 
gen, thus : NO J. and Cu. give NO5. -f Cu. O. (mtrate 
of copper) and NO 2. (nitric oxide). Lighted phospho- 
rus will bum in the gas nearly as brilliantly as in oxy- 
gen ; but the contact of a red-hot wire will not inflame 
it in the gas. A lighted taper is extinguished in this 
gas, and combustion is supported only by the oxygen 
liberated during its decomposition. Its specific gravity 
is rod 9. NO 2. has a strong tendency to unite with 
uncombined oxygen, forming nitrous or hyponitrous acid, 
which is the cause of the deep red fumes given off dur- 
ing the action of nitric acid upon mercury or copper, the 
NO 2. uniting with the oxygen of the air in the flask. 
These red fumes are soluble in water. 

Hyponitrous Acid (NO 3.). Four volumes of nitric 
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Oxide mixed with one of oxygen form pure hyponitrous 
acid Tapour, which when exposed to a temperature of 40° 
below the freezing point of water is condensed into a 
deep green-coloured very Tolatile liquid. This acid forms 
salts with bases which are called hyponitrites. Nitre 
when kept melted for some time is reduced from the 
state of nitrate to that of hyponitrite of potash, which is 
recognised by the action of acetic acid producing red 
fumes. 

Nitrous Acid (NO 4.). This acid is fi)rmed in the 
she^ of deep red fumes when oxygen is in excess with 
nitzic oxide ; at 0** F., it is rendered liquid. It may be 
prepared by mixing four volumes of nitric oxide with 
two of oxygen, or more conveniently by the decomposi- 
tion, by heat, of nitrate of lead. Fluid nitrous add at 
60° is orange yellow, nearly colourless at zero ; at — 
40° it forms a white crystalline mass ; boils at 82° with 
a red vapour, which becomes nearly black at 212°; its 
sp. gr. is 1*451. NO 4. is the most stable compound of 
nitrogen and oxygen, as it will resist a red heat ; when 
mixed with water nitric acid is formed, and nitric oxide 
given off. It forms salts with bases. 

NITRIC ACID (NO 5.). 

FouB volumes of nitric oxide mixed with three of oxy- 
gen ever water combine, forming red Amies, which, when 
dissolved in the water, afford a solution of nitric acid. 
The union of nitrogen and oxygen in the atmosphere, in 
proper proportions to form nitric acid, is the great na- 
tural source of nitric acid. That this is brought about 
by electrical agency may be presumed from the fact, that 
if a succession of electric sparks be passed through air 
confined over a solution of potash, the latter will be con- 
verted into nitrate of potash (saltpetre). Nitrate of 
ammonia is found in rain-water after a thunder-storm, 
the nitric acid formed in the atmosphere having combined 
with ammonia evolved during the decomposition of ani- 
mal matter on the earth. In the East Indies, ammonia 
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IB produced in large quantities by the rapid deomipoaition 
of animal matter ; the anunonia is then converted into 
nitrate of ammonia in the atmosphere. This is distri- 
buted by the heavy rains over porous calcareous surfaces ; 
the ammonia is expelled by the stronger affinity of the 
alkaline bases of the soil for nitric acid ; nitrates of pot- 
ash and lime are thus formed, — the latter in large quan- 
tities. The nitrate of lime is converted into saltpetre 
by carbonate of potash, and constitutes an important 
article for export. Artificial nitric beds are formed on 
the Continent upon this principle^ to supply saltpetre for 
the manufacture of gunpowder. Nitrate of soda is 
largely imported into this country firom South America^ 
where it is found in many districts naturally formed. 

Nitric acid is found only in combination, never having 
been isolated. The fluid popularly called nitric add, 
which is a combination of nitric acid and water, is ob- 
tained by applying heat to a mixture of equal parts of 
nitre and of oil of vitriol in a glass retort ; the sulphuric 
acid of the oil of vitriol unites with the potash, giving 
its. water to the nitric acid, which is distilled over into 
a cold receiver. Double the quantity of sulphuric acid 
is used here that is necessary to saturate the potash^ for 
if not, an adhesive mass of bisulphate of potash and 
nitre would remain in the retort, fiom which it ceuld 
not be extricated without risk of breaking the glass* 

If the temperature be increased to 400*', the quantity 
of oil of vitriol barely necessary may be used ; but the 
neutral sulphate of potash which remains caniwt easily 
be released from the retort, and the higher temperature 
required incurs the risk of breaking the glass. The 
material which is now principally used* and which yields 
the largest product, is nitrate of 8oda> the distillation 
being conducted on the large scale from iron retorts con- 
nected with condensers. The strongest fluid nitric aad 
consists of one equivalent of nitric acid (NO^,) 64*0, and 
one of water (HO.) 9-0 = 6;$*0, and has a sp* gr. of 
l'52l ; it boils at 157% and is partially decomposed dux- 
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ing distillation. It is not usually so strong as this. It 
is colourless when pure^ fuims in contact with the air, 
and when exposed to the solar ray is changed into 
nitrous acid and oxygen^ assuming a deep yellow hue ; it 
acts with great rapidity on the generality of metals and 
oiganic bodies, giving its oxygen to them, and leaving 
nitric or nitrous oxide £ree, and, in some cases, pure 
mtrogen. With organic substances not containing ni- 
trogen it forms oxalic and carbonic acid, and with 
animal matter^ compoimds of a yellow colour, as is 
observed on the skin when touched lightly with it. 
Fluid nitric acid often holds nitrous acid in solution, 
which imparts to the whole a deep red or orange 
colour. Nitric acid is liable to acquire chlorine, sul- 
phuric acid, and iron. By mixing a few drops of the 
add with distilled water sulphuric acid may be detected 
if a precipitate be formed with solution of nitrate of 
barytes ; solution of nitrate of silver will afiPord a predpi- 
tate if chlorine be present ; and if iron be present, a blue 
precipitate (Prussian 'blue) will be formed with solution 
of pnissiate of potash. Redistillation will deprive the acid 
of these impurities. NO5. may be recognised in several 
ways : when in contact with a metal, it produces red 
fumes of nitric oxide ; if a drop of the acid be added to 
water tinged blue by sulphate of indigo, and the mixture 
be then boiled, the indigo will be oxidised by the acid, 
and the liquor bleached ; if a crystal of protosulphate of 
iron be placed in contact with water containing nitric 
acid, a deep olive-coloured ring will form round it as it 
dissolves, one part of tde salt converting the' acid into 
nitric oxide, which combines with the remaining protosul- 
phate. NO^. enables muriatic acid to dissolve gold leaf, 
but this property is not peculiar to it ; it gives a deep 
ted colour with morphia. The best mode of detecting 
NO j. in solution, is to neutralize the liquid with potash 
and evaporate it to dryness ; the sharp needle-like crys- 
tals which form deflagrate on ignited charcoal; heated 
with a email portion of bisulphate of potash and copp»- 
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filings, it evolves red fumes, and with a crystal of 
protosulphate of iron, and a drop of sulphuric aeid> 
forms the olive-coloured ring before mentioned. All 
solid compounds with NO^. may be recognised in this 
way. 

SULPHUR (S.). 

This element exists largely in nature, both alone 
and in combination ; it is found in ores of copper, lead, 
silver, mercury, antimony, and much of the sulphur of 
commerce is procured from bisulphuret of iron (iron 
pyrites). Native sulphur is the produce of volcanic 
exhalations, and is found condensed in fissures of the 
earth. It exists in combination with oxygen fi)rming 
native sulphates, as sulphate of lime (gypsum), and of 
barytes. Sulphur is found as a constituent in the white 
and yolk of eggs, in the hair, horns, and hoofs, of animals, 
and in black mustard-seed. The sp. gr. of sulphur is 
1*98 ; it melts at 226*' into a thin amber-coloured fluid; 
at 400° it becomes opaque, dark brown, and so thick, 
that the vessel containing it may be inverted and still 
retain it; if suddenly cooled whilst in this state by im- 
mersion in water it forms a plastic mass : with a further 
increase of temperature it becomes thin, and boils at 60 P. 
Roll sulphur is made by pouring the crude native sulphur 
into moulds ; flowers of sulphur are very minute crystals, 
formed by the condensation of the vapour of sulphur ; 
milk of sulphur is the result of precipitation from solu- 
tions in which it existed in combination. Sulphur dis- 
solves in oils, alkaline solutions, and in milk of lime, 
but not in water or in alcohol ; it combines with oxygen 
to form sulphurous acid, sulphuric acid, hyposulphurous, 
and hyposulphuric acid. 

Sidpkurous acid (SOg.) is always produced when sul- 
phur is burned in air or in oxygen, sulphur not being 
directly capable of further oxidation. It is gaseous at the 
ordinary temperature and pressure, but is very easily re- 
duced to the fluid state. By heating three parts of sul- 
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phurwith four of peroxide of manganese, sulphurous acid 
gas is readily formed ; one part of sulphur unites with the 
metal, and another with the oxygen^ to form sulphuret of 
manganese and sulphurous acid (Mn. Og. + 2 S.ssMn. S. 
-h SOg.)* The gas is absorbed by water, and, for examina- 
tion^ should be collected over mercury; it is colourless and 
transparent, has a very irritating odour^ and is irrespira- 
ble, is not combustible, nor a supporter of combustion ; it 
bleaches many vegetable and animal substances^ such as 
straw, silk, and sponge ; but this effect is not permanent, 
as the white compound formed by the coloured substance 
with the acid loses the latter, and the colour is restored. 
In such cases, the acid may be driven oiF by a stronger 
one ; for example, if a red rose be bleached by exposure to 
the vapour of burning sulphur, its odour will be restored 
by washing in dilute sulphuric acid. The sp. gr. of SO,, 
is 2210*6; exposed to a temperature of 0° F., it is con- 
verted into a fluid heavier than water, which boils at 
14% and produces intense cold by its evaporation. 

SULPHURIC ACID (SO,.). 

This acid is formed by the combination of sulphurous 
acid with another equivalent of oxygen, and not in any 
instance from the direct union of sulphur and oxygen. 
It is prepared on a large scale for the purposes of com- 
merce, by bringing siJdphurous acid produced by the 
burning of sulphur into contact with watery vapour and 
nitrous acid fumes ; these form a white crystalline mass, 
which appears to consist of sulphurous and nitrous acids, 
with sulphuric acid and water in uncertain proportions. 
This substance is decomposed by contact with water, 
forming sulphuric acid and nitric oxide ; the latter unites 
with the oxygen of the air to form nitrous acid fumes, 
whi<^ combine with fresh portions of sulphurous acid 
gas. The apparatus in which this process is conducted 
consists of a long leaden chamber, the lower portion of 
which is a tray of about l^ foot deep, the upper of a 
quadrangular form, which being suspended on a wooden 
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frame-work, rests with its edges in the liquid with which 
the tray is covered. The hottom of the tray has an 
ohlique direction, so that the fluid in it is deeper at one 
end than at the other ; outside and underneath ia placed 
a furnace, on which the sulphur is huxned, the sulphur- 
ous acid gas passing into the chamher hy a chinmey ; 
the nitrous acid is obtained by phicing a pan, holding 
nitrate of soda or of potash, and oil of vitriol, over the 
burning sulphur ; the nitric acid evolved gives a portion 
of its oxygen to part of the sulphurous acid, and is thus 
reduced to the state of nitrous acid, which acts upon the 
mass of sulphurous acid. Provision is made fi>r the ad- 
mission of steam into the chamber, so that the white 
crystalline solid before mentioned is continually bdng 
formed, by the combination of sulphurous and nitrous 
acids and watery vapour, which, when decomposed by 
the water in the chamber, is resolved into sulphuric acid 
and nitric oxide gas. The NOi. mixes with the atmos- 
pheric air of the chamber, and taking its oxygen again 
forms nitrous acid gas, which, uniting with a new por- 
tion of sulphurous acid, forms the white crystalline mass, 
Nitrous acid fiunes and air being supplied continually 
as the process goes on, until the fluid at the bottom of 
the chamber holds a sufficient amount of acid in solution 
to be decanted ofll Owing to the obliquity of the leaden 
floor, the heavier portions of fluid gravitate to one end 
whence they are removed by leaden pipes. When a 
sp. gr. of about 1*600 has been attained, it is then con- 
centrated by evaporation in leaden vessels to a sp. gr. of 
about 1*76, after which it is transferred to vessds of 
glass or platinum, the lead being no longer capable of 
resisting its action, combined with that of the tem- 
perature necessary. The strongest acid that can be 
thus obtained has a sp. gr. of 1*847, and contains 81*54 
of real acid in 100 parts of fluid. 

The practice of burning iron pyrites instead of sul- 
phur has been introduced, and is now in extensive use, 
the apparatus being altered to suit the purpose* 
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' Stdplitiyic aekl k pnpastd ki a diffeteat #ay on the 
dbntinent. ' This is called Noixlhaufien or fumiog SO^, 
and 18 of a- much stronger quality than that procured by 
the oombttstkm of sulphur. It is obtained by exposing 
selphate of iron (copperas), not quite deprired of its water 
of crystalization, to a red heat in earthen retorts ; the acid 
miites with the water^ and being distilled over, forms a 
dark-coloured, thick, oily fluid, of sp. gr. 1*9, consisting 
of about 90 df real acid, and 10 of water in 100 parts. 
The fumes which characterize this acid are formed by 
the union of watery vapour, with the colourless and vola- 
tile vapour of sulphuric acid ^ven off, producing liquid acid. 
If the colourless vapour be received in a dry vessel, 
and cooled by a freezing mixture, beautiful white fibres 
of dry SOa. are formed. The add prepared in leaden 
chamfoers is liable to contain nitric acid and lead ; from 
tliese it is freed by redistillation. Sulphate of lead is 
generally deposited from diluted oil of vitriol, having 
b^den held in solution by the stronger acid. The acid 
foimed from iron pyrites is found to contain arsenic and 
selenium. 

^3. may be detected by a solution of nitrate of 
bttr3^es, throwing down a white precipitate insoluble in 
bdOing muriatic acid. When mixed with \ of its weight 
of wateir, both at 50"", the temperature is raised to 300% 
and a condensation of volume takes place. This acid 
has a powerful affinity for water, and will become 
^uted if exposed to the air, by absorbing watery vapour. 
SQs. of the sp* gr. of 1*780 freezes at 82% but if stronger or 
weaker requires a very low temperature to solidify. The 
colout^ss acid is blackened by contact of any carbona- 
eeoui substance, sudi as a bit of cork ; the hydrogen and 
oitygen fbhn water, which unites with the SO^., leaving 
ca^on free. The colour may be discharged by boiling, 
as the carbon will take oxygen from part of the SOa., 
forming carbonic acid and sidphurous acid, which are ex- 
pelled. 

Hyposuipkurous acid. (S,. O". or SO,, -j- S.). — 

H 
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When sulphur is boiled with an aUndme liquor, or 
with milk of lime^ this acid is formed ; thus^ when sul- 
phur and soda are boiled in water, hyposulphite of soda 
and sulphuret of sodium are produced. This acid is vay 
easily decomposed ; it may be obtained in a hee state, 
by adding a stronger acid to any of its salts, or by re- 
action of sulphuretted hydrogen and sulphurous add upon 
each other, in water. The compounds of hyposulphur- 
ous acid possess the power of dissolving certain combina- 
tions of silver insoluble in water, as the chloride and 
iodide, and form a solution of a very sweet taste. Their 
use in photographic processes depends upon this property. 
The salt which this acid forms with silver, when Ixnled, 
is resolved into black sulphuret of silver and free sul« 
phuric acid, and it is capable of forming salts with 
metallic sulphurets as well as oxides ; for there are two 
hyposulphites of sodium, one of which contains soda 
(oxide of sodium), the other sulphuret of sodium* 

Hyposzdpkuric acid (Sg. O5.). — By passing sulphurous 
acid gas through water in which peroxide of manganese 
is disused, the latter will be dissolved, and the solution 
will contain hyposulphate of manganese : one atom of 
oxygen of the peroxide converts two equivalents of sul- 
phurous acid into hyposulphuric, which unites with the 
protoxide of manganese. A salt of this acid when 
heated is resolved into sulphurous acid and a neutral 
sulphate. The acid may be obtained free by decompos- 
ing hyposulphate of barytes by sulphuric acid ; but it is 
not permanent. 

Sulphuretted hydrogen^ or sulphuret of hydrogen 
(HS.). By acting upon proto-sulphuret of iron wiUi di- 
lute sulphuric acid, HS. and sulphate of protoxide of iron 
are formed. Water is decomposed, its oxygen uniting with 
iron, and its hydrogen with sulphur. HS. may also be 
obtained by the action of dilute sulphuric, or muriatic 
acid upon sulphiuret of potassium ; and the action of mu- 
riatic acid upon sulphuret of antimony produces pure sul- 
phuret of hydrogen, thus : Sbg. Sa. (sulphuret of antimony) 
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+ S H CI. (hydrochloric^ or muriatic acid) = Sbg. da. + 
3 HS« The gas bemg absorbed by water must be col- 
lected over water which has had its absorbing power di- 
minished by being heated to 90"*. HS. gas is transparent 
and colourless ; its sp. gr. is 1177> and it is easily recog- 
nised by a peculiarly fetid odour^ that of rotten eggs, 
the odour of which is owing to the formation of this 
gas during their putrefaction. HS. dissolved in water 
throws down sulphurets from the solutions of most me- 
tallic salts ; with antimony it forms an orange red pre- 
cipitate; with manganese a flesh red, with arsenic a 
canary yellow, and with lead^ mercury, &c., black or 
brown. HS. is very inflammable; if the combustion 
occur in a small portion of air the hydrogen is consumed 
and sulphur deposited; nitric acid and chlorine com- 
pletely decompose it> hence the disinfecting properties of 
these substances. It is very destructive to anunal life, 
as air holding no more than -^^^ of the gas will cause 
the death of large animals. The medicinal properties 
of sulphurous mineral waters^ such as those of Harrow- 
gate, diiefiy depend upon this gas. Many metals decom- 
pose HS., particularly if heated in it> and metals not 
oxidized by the air, as gold and silver, are tarnished at 
ordinary temperatures by the action of the HS., which 
^ists in the atmosphere, being evolved by the decompo- 
sition of organic matter. 

Bmdphuret of hydrogen (HS9.), prepared by gently 
pouring a watery solution of bisulphuret of potassium 
into dilute muriatic acid ; the potassium combines with 
the chlorine, and the hydrogen unites with the sulphur, 
fonning chloride of potassium (K. CI.) and bisulphuret 
of hydrogen (HS,.), the latter falling to the bottom as a 
heavy, yellow fluid, insoluble in water, but rapidly de- 
composed by it unless free acid be present. HSa. is 
easily separated into HS. and solid sulphur. 

H.2 
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SELENIUM (Se.), 

Discovered by Berzelius^ and found in very small 
quantities in the native metallic sulphurets, existing as 
seleniurets of the same metals. It is a solid^ of a dark 
brown colour, and when smooth has a metallic^ lustre. 
When burned in air it unites with oxygen, forming a 
colourless gas (oxide of selenium), remarkable for its 
pungent odour of horse-radish. When boiled with nitric 
acid it unites with two equivalents of oxygen, forming 
selenious acid. Sdeniuretted hydrogen is formed by the 
action of acids upon metallic seleniurets. The sp. gr. 
ofSe. is4-32. 

PHOSPHOBUS (P. — ^wc light, tpepuf I bear). 

Chiefly found in animal organic matter, found also, in 
small quantity, in vegetables and minerals ; it is manu^" 
tured on a large scale in London and Paris ; in the latter 
city to the extent of 200,000lbs. annually. Phosphate 
of lime, which is the earthy constituent of bone, is the 
principal source of phosphorus. Bones are first burned 
to whiteness, then ground to powder, and to three parts 
of the powder are added thirty parts of water and two 
of oil of vitriol. The SOa. imites with a portion of the 
lime of the bone-powder, and the remainder fonps, with 
the whole of the phosphoric acid, a soluble salt which 
remains in the liquor when the insoluble sulphate of 
lime has been removed by straining. The strained li- 
quor is evaporated to the consistence of a syrup, and 
being gradually mixed with about one-fourth of the 
vveight^pf the bones, of powdered charcoal, the mass is 
dried at something below a red heat. It is reduced to 
powder, and placed in an earthen retort, in a furnace ; 
a copper tube is adapted to the neck of the retort, one 
end of the tube dipping into the water of the bottle 
which serves as a receiver. The retort being gradually 
heated the excess of the phosphoric acid is decomposed by 
the charcoal, the carbon of which combines with the 
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oxygen to form carbonic acid; the phosphorus^ being 
free, passes over in the state of vapour into the copper 
tube^ where it is condensed and falls in the liquid form 
below the surface of the water in the receiver. It is 
then melted under water and poured into glass tubes to 
solidify. Pure phosphorus is transparent and colourless, 
but the phosphorus of commerce is usually of a pale yel- 
low or reddish colour ; at ordinary temperatures it is 
soft, and may be bent or cut ; at 32"* it is brittle and 
crystalline in its fracture; it is insoluble in water; 
dissolves in the volatile oils, in ether, and in sulphuret 
of carbon; it melts at 108% and boils at 550% forming 
a colourless vapour; it is very inflammable, burning 
slowly at ordinary temperatures, emitting a light visible 
in the dark, and forming phosphorous acid, producing at 
the same time a penetrating and peculiar odour, some- 
what like that of garlic. When heated to 120° phos- 
phorus bursts into flame, and unites with the oxygen of 
the air to form phosphoric acid ; it combines with oxygen 
in four proportions, and its equivalent is considered by 
Kane to be 3 1 '4, which is double what it was formerly 
set down as being. Of its four combinations with oxygen 
the most interesting is phosphoric acid, which is procured 
by decomposing the acid solution of superphosphate of lime 
by carbonate of ammonia ; phosphate of ammonia and 
carbonate of lime are formed ; the former is evaporated to 
dryness and ignited, the ammonia is driven off, the phos- 
phoric acid remains behind, and solidifies on cooling into 
a colourless glass, called glacial phosphoric acid. Phos- 
phoric acid is formed also when phosphorus is burned 
under a bell-glass. This acid has a very strong affinity 
for water, and forms with it almost exclusively what are 
called monobasic, bibasic, and tribasic phosphates of 
water. 

Phosphuretted hydrogen (PHg.). — This gas may be 
formed by heating phosphorus in a solution of potash, 
or of barytes, or in milk of lime : the water being decom- 
posed^ gives its oxygen to one portion of the phosphorus 
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to form hypophosphorous acid and hydrogen^ to another 
forming phosphuretted hydrogen gas. If this gas, as it 
is evolved from the retort^ be made to pass through the 
water of a pneumatic trough, each bubble as it bursts 
in the air takes fire and bums with a beautiful white 
flame, forming a ring of phosphoric acid Tapour, wbidi, 
widening as it ascends, will rise to a considerable h^g^ 
if the air of the apartment be still. The structure of 
this ring is very curious : it consists of a great number of 
small rings, which revolve rapidly on their axes, and 
whose plane is perpendicular to that of the general ring 
which they produce. This is called spontaneously com- 
bustible PHs., to distinguish it from PH,. prepared by 
heating hydrated phosphorous acid, as the latter, thou^ 
producing similar phenomena, will not bum till set on 
fire. 

Sulphur et of phospkonis is formed by fusing together 
equivalent weights of sulphur and phosphorus. This is 
the compoimd used in making phosphorous matdies, and 
is much more inflammable than phosphorus. 

GHL0BIN£ (CI.). 

The principal source of chlorine is common salt, which 
is a chloride of sodium, existing in large masses, called 
*^ rock-salt," and forming also the main saline ingredient 
in sea-water. Chlorine is found, but in small amount, 
in combination with calcium, mercury, lead, silver, and 
other metals. It is obtained in large quantities by de- 
composing with sulphuric acid a mixturo of common 
salt and peroxide of manganese ; half of the oxygen of 
the peroxide imites with the sodium, chlorine is expelled, 
and sulphates of soda and of protoxide of manganese are 
formed ; in symbols thus : Mn O,. + Na CI. + 2 SO,. 
= SOs. Na O. -f SO3. Mn O. -f- CI. About six parts 
of Mn Og., eight of Na CL, and thirteen of oil of vitriol, 
by weight, are employed ; and as the manufacturers of 
chloride of lime generally make oil of vitriol, a proper 
quantity of acid of sp. gr. 1 600 is used in place of the 
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strong oil of vitriol, and the expense of concentration is 
thus saved. Chlorine may be procured in small quan-. 
tity by decomposing common muriatic acid> which is a 
solution of chloride of hydrogen in water, by peroxide 
of manganese^ at a moderate heat ; the hydrogen of the 
add combines with the oxygen of the peroxide to form 
deuto-chloride of manganese^ which, by a little increase of 
t^cnperature, is resolved into proto-chloride and free chlo- 
rine. One part of Mn Oa. and three of H CI. in a glass 
retort or flask, with a bent tube^ will be sufficient to 
effect this object. The gas is rapidly absorbed by cold 
water, and combines with mercury, fonning calomel ; 
water at 90"* must therefore be used. 

Chlorine is a greenish yellow gas, hence its name 
(xXci»(>oc green) ; it has a suffocating odour, and is very 
irritating when respired, even though largely diluted ; its 
sp. gr. is 2*5. A lighted taper plunged into chlorine 
bums with a red smoky flame, which is soon quenched, 
though some bodies wHl bum in it better than in air or 
oxygen. Powdered antimony or arsenic thrown into a 
bottle of chlorine will bum with bright scintillations ; 
tin and brass foil and phosphoms also bum spontaneously 
in it ; a paper dipped in oil of turpentine takes Are in 
chlorine, the hydrogen burning, the carbon being de- 
posited in the shape of thick black smoke. CI. has a 
powerful affinity for hydrogen. The gases when mixed 
unite at ordinary temperatures, and with explosion if set 
(m fire* This affinity for hydrogen gives to CI. its pro- 
perty of decomposing organic substances. The property 
which CI. possesses of depriving organic substances of 
their colour, or bleaching them, is that which is of most 
practical importance ; if a little green grass be placed in a 
jar of CI., it will be deprived of its colour in a very short 
time. The prevailing opinion was, that water was neces- 
sary for this purpose, and that the CI. combined with the 
hydrogen, whilst the oxygen formed with the organic sub- 
stance a new colourless compound. Dr. Kane, however, 
has shown that this is not the case, '^ but that the CI. 
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enters into the constitution of the new substance formed, 
sometimes replacing hydrogen, at others simply combin- 
ing with the coloured body, and in some the re-action 
being so complex, that its inunediate stages cannot be 
completely traced." CL is employed as a disinfectant, 
owing to its affinity for hydrogen. For this purpose it 
should be evolved slowly, which may be managed by 
placing some chloride of lime in a cup, with means at- 
tached for dropping in dilute sulphuric acid ; sulphate of 
lime is formed, and CI. set free. 

Water holding CI. in solution possesses the colour, 
odour, taste, and bleaching qualities of the gas ; when 
this water is exposed to the sun's rays, it is decomposed 
gradually, chloride of hydrogen being formed, and oxygen 
set free; the fluid loses its bleaching properties and 
colour, and acquires an acid taste and action (muriatic 
acid). 

CI. in contact with water at 32° forms a hydiate, 
which crystalizes in plates, and is decomposed at ^5\ 
If some of these crystals be inclosed in a strong glass 
tube, the CI. when set free exerts a pressure sufficient 
to condense itself into a fluid. This phenomenon afforded 
the first instance of the liquefaction of a gas. 

CI. forms numerous combinations: it unites with nearly 
all the simple substances, and in most instances forms 
more than one compound with each. 

CL may be recognised by its odour, colour, bleaclmig 
properties, and by producing with a solution of nitrate of 
silver a white curdy precipitate, insoluble in acids, soluble 
in water of ammonia, and which becomes blackened 
when exposed to the sun's rays. 

Ht/pocklorotia acid (CI. 0.). — By shaking some 
red oxide of mercury, diffused in a little water, in a 
bottle containing CL, the gas is rapidly absorbed, and 
chloride of mercury and hypochlorous acid are formed. 
The solution of CL 0. is yellow, its odour is like that 
of CL ; it bleaches powerfully, oxidizes most bodies with 
great energy, and decomposes spontaneously, forming 
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chloric acid and chlorine, CI. 0. unites with bases to 
form salts, which are called hypochlorites, and possess 
the bleaching powers of the acid to a great extent. 

Chloric add (CI. Os.). — CI. brought into contact with 
an alkaline solution is rapidly absorbed, and the liquor 
acquires bleaching qualities. Chemists are undecided as 
to the precise nature of the re-action in this case. One 
theory is, that CI. imites directly with the alkali, forming, 
if potash be used, chloride of potash ; another holds, that 
a quantity of alkali may be decomposed, as actually occurs 
with oxide of mercury, and that chloride of potassium and 
hypochlorite of potash may exist in the liquor. This 
last is the theory generally adopted. The bleaching al- 
kaline liquor is decomposed by boiling, oxygen gas being 
evolved largely, whilst chloride of potassium and chlorate 
of potash are formed. The chlorate of potash of commerce 
is procured in this way. A solution of the acid is pre- 
pared by acting upon a solution of chlorate of barytes 
with SOs. In its strongest form it is a thick oily fluid, 
sets fire to many organic substances, is a powerfid oxid- 
izing agent, but does not bleach, nor precipitate a solu- 
tion of nitrate of silver. The compounds of CI. 0^. yield, 
when heated, a metallic chloride and oxygen; when mixed 
with sulphur, and rubbed in a warm mortar, they ex- 
plode ; and if thrown upon an ignited coal, deflagrate. 
The chlorate of potash is extensively used in making 
matches. CI. Os. is composed of one equivalent of CI. 
and Ave of oxygen. 

Chlorous acid (CI. O4.). — If chlorate of potash in fine 
powder be acted upon by sulphuric acid, it will be decom- 
posed, and the chloric acid, when given off, will form 
two compounds ; one chlorous acid, containing four atoms 
of oxygen, the other perchloric acid, having seven atoms 
of oxygen. CI. O4, may be collected over mercury, or in 
a dry jar. The process must be conducted with great 
caution. CI. O4. is a yellowish green gas, and has an aro- 
matic odour ; it is rapidly absorbed by water, bleaches, 
is a powerful oxidizing agent, and is very easily decom- 
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posed; heated above 219^ it explodes, and phosphoiuB 
takes fire and burns in it with brilliancy ; with bases it 
fenns salts, called chlorites. 

Perchloric acid (CL O7.), obtained by wai^ung the 
saline residue of the lastmentioned process in cold water* 
The bisulphate of potash dissolves, leaving perehlnrate of 
potash, which is sparingly soluble in cold water: this 
perchlorate may then be dissolved in boiling water, firom 
which it crystalizes upon cooling. CI. O7. may be pro- 
cured by mixing this salt with half the wei^t of oil of 
vitriol and as much of water, and distilling; the acid 
comes over with the water; if an excess of oil of vitriol 
be used, the CL O7. may be obtained firee fin>m wat^, in 
the shape of a white crystaline mass, which is veiy 
deliquescent, and evolves much heat when mixed witii 
water. CL O7. is not altered by muriatic acid or alcohol, 
and is the most permanent compound of CL and oxygen : 
it has no spontaneous action on oiganic bodies, and its 
potash salt is so very sparingly soluble, that Ci, O7. has 
been used to detect potash. 

The oxidizing action of these compounds of CL is pro- 
duced by absorption of their oxygen by the oxidized body^ 
CL being liberated. 

MURIATIC OB HYDBOCHLOBIC ACID (HCl.). 

This substance has been long known under the names 
of spirit of salt^ marine acid, muriatic acid, and hydi<H 
chloric acid ; it is in strict '^chemical phrase, a chloride 
of hydrogen. Gaseous HCL is prepared by distilling 
from a retort, connected with a mercurial pneumatic 
trough, some common spirit of salt ; the gas passes over 
also when common salt is acted upon by oil of vitriol ; 
water being decomposed, its oxygen unites with the 
sodium forming soda, ¥^ch combines with the SO,, 
forming sulphate of soda, and its hydrogen unites with 
chlorine to form HCL A mixture of equal volumes of 
chlorine and hydrogen will combine to form HCL when 
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exposed to the light. In nearly all cases of the action of 
chtoiine on OTganic matter, HCl. is fonned. 

HCL is a colourless^ invisible gas ; when dry it has no 
action upon ratable colouis, but if moisture be present 
it reddens litmus^ and restores the colour of turmeric 
paper browned by an alkali ; mixed ¥rith damp air it 
forms heavy white fames, comistiDg of liquid acid, 
condensed in minute drops; it may be liquified by 
great pressure : it is iiiespirable, but does not produce 
the suffocating effects of chlorine. If HCl* gas be 
brought into contact vnth a metallic oxide^ a metallic 
chloride and water are formed ; if any of the more 
oxidable metals^ such as iron, ranc, or potassium^ be 
heated in a current of the gas, it is decomposed^ and 
a metallic chloride being formed, hydrogen is evolved. 
fiCL has a very strong affinity fi>r water : if a jar of the 
gas be opened, under water, the fluid will rush in, and 
by combining with the gas will occupy the jar. Liquid 
HCl. is prepared by acting upon chloride of sodium with 
an equal weight of sulphuric acid, and the same of water. 
The dilute acid is gradually introduced by a funnel, and 
the gas passes over into the first of a range of three 
necked bottles, half-filled with water : the water of the 
first bottle being saturated with the gas, the latter passes 
over into the next, and so on, untU all are saturated. 
A vertical safety-tube is placed in each bottle, so as to 
prevent the water of the second bottle rushing back 
through the connecting-tube into the first, by restoring 
the equilibrium of pressure, in case any sudden conden- 
sation occurred in the first bottle. Pure HCL may be 
more readily prepared for chemical uses by redistilling the 
muriatic acid of commerce. 

The manufacture of this acid on a laige scale, is more 
for the purpose of extracting the soda from the sulphate 
of soda left after distillation, than to obtain the acid ; 
the difficulty in a soda factory being how to get rid of 
the HCl. produced. When the object is to procure the 
acid, the same form of apparatus is used as that employed 
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for the manufacture of nitric acid ; each cylinder being 
made to hold from four to five cwts, of common salt. 
The strongest acid prepared in this way has a sp. gr. of 
1*21 !• To obtain water fully saturated with the gas, it 
must be kept near the freezing point by artificial cold, 
when it absorbs 480 times its volume, and increases in 
bulk one-fifth. 

Common muriatic acid often contains SOs.> always a 
trace of iron derived from the cylinders in which it is 
made, and sometimes sulphurous add. These may be 
detected by adding to some of the dilute acid, nitrate of 
bary tes, which will throw down a white precipitate if sul- 
phuric acid be present, yellow prussiate of potash which 
gives a blue precipitate if iron exist in the compound, and 
solution of proto-chloride of tin which throws down brown 
Bulphuret of tin if sulphiurous acid be present. The HCl. 
gas may be recognised by its action on moist litmus 
paper, by fuming in the air, and by forming with ammo- 
nia dense white clouds of sal-ammoniac ; the fluid acid 
is detected by giving with nitrate of silver a curdy white 
precipitate, not soluble in nitric acid, but soluble in 
water of ammonia, and which is blackened by exposure 
to light. 

NitrO'tnuriatic acid, called aqria regia from its 
power of dissolving gold, which was considered the king 
of metals {rex metallorum), is formed by the mixture 
of nitric and muriatic acids. The fluid colourless adds 
when mixed assume a yellow colour, and a strong odour 
of chlorine and nitrous acid is perceptible; there are 
formed in this case chlorine, nitrous acid, and water. 
The decomposition only proceeds so far as to saturate 
the liquid with chlorine, as, if a metal be placed in the 
fluid, the chlorine unites with it, and new quantities 
of acid are decomposed. Holding CI. in a highly con- 
centrated state, this fluid is employed to dissolve gold 
and platina, which are not soluble in nitric acid, and 
it is used also to oxidize bodies which are not oxidable 
by nitric acid. 
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Chloride of sulphur (Sg, CI.), obtained by conduct- 
ing a current of chlorine into a tubulated retort con- 
taining some sulphur. The CI. and sulphur unite to 
form a volatile reddish yellow liquid, which distils over, 
and is condensed in a cooled receiver. S. CI. when ex- 
posed to the air gives off very acrid fumes. It consists 
of two atoms of sulphur, and one of CI. 

Chlorides of phosphorus, — CI. unites with P. in two 
proportions^ forming a liquid proto-chloride, and a solid 
perchloride. 

IODINE (I.). 

Sea-water is the principal source of iodine : it is 
found combined with sodium and magnesium. In the 
mineral kingdom it is found united with silver. It is 
extracted for commercial purposes from kdp, which is 
the mass of ashes remaining after the burning of various 
species of sea-weed. Kelp is diffused through water, to 
which it yields about half its weight of salts ; the solu- 
tion is then evaporated in an open pan, and at a certain 
point of concentration begins to deposit muriate, car- 
bonate, and sulphate of soda, which are removed from 
the boiling liquor ; the fluid is then poured into a shaUow 
pan, and upon cooling deposits a crop of crystals of chlo- 
ride of potassium. These operations are repeated till no 
more crystals form, and a heavy dark-coloured liquid 
remains, which contains iodine combined with sodium, 
mixed with a large amount of other salts. To this 
liquid oil of vitriol is added in sufficient quantity to make 
it very sour, which causes an evolution of carbonic acid, 
sulphuretted hydrogen, and sulphurous acid gases, and a 
deposition of sulphur. After standing a couple of days, 
the fluid is heated with the peroxide of manganese to se- 
parate the iodine. The process is conducted in a leaden 
retort, adapted to a series of bottles. At a temperature 
of about 1 40** the iodine begins to come off, and is con- 
densed in the bottles ; manganese and sulphuric acid are 
added as the process goes on, until no more iodine can 
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be extracted from the fluid. In this operation the per- 
oxide is in contact with hydriodic, hydrochloric, and 
Bulphuric acids ; but the SO,, must be in sufRcient quan- 
tity to decompose the iodides only, as^ if chlorine and 
iocUne were evolved together^ chloride of iodine would be 
formed, whereas in the successful process^ the metal of 
the iodide is oxidized by the oxide of manganese^ and 
iodine is set free. 

Iodine may also be procured by adding to the liquid 
containing iodide of sodium a solution of sulphate of cop- 
per^ in which the copper is converted into a sub-oxide by 
the addition of proto-sulphate of iron. Sulphate of soda 
and a pale yellow sub-iodide of copper^ insoluble in water^ 
are formed ; this last is decompose by peroxide of man- 
ganese and SOs., as in the former process^ and the ym* 
ous crystalizations are avoided. 

lodme usually exists in small scales of a bluish black 
colour and metallic lustre; it may be obtained from 
solution in oblique octohedral crystals, with a rhomlnc 
base, or in prisms ; its sp. gr. is 4'948 ; it fuses at 225^ 
and boils at 347, evaporates at ordinary temperatures, 
and more rapidly when moist than when dry; it im- 
parts a yellow stain to the skin, which is not permanent; 
its vapour is of a beautiful violet colour, hence the name 
iodine (loeiBtic videt'-coiowred), and is the heaviest of gase- 
ous bodies. Iodine dissolves in alcohol and ether^ forming 
reddish brown solutions ; it is also soluble in solutions of 
iodides ; pure water dissolves about f^j^ of its weight of 
iodine, and is tinged of a brownish colour by it. The 
chemical combinations of iodine are generally analo- 
gous to those of chlorine, but its afiinities are not so 
strong. Iodine forms with solution of starch an insolu- 
ble compound of a dark^blue colour, which serves as a 
very delicate test for the detection of iodine. To apply 
this test iodine must be free ; for, if it exist as an iodide 
in solution, no blue colour will be apparent till chlorine 
be added to liberate the iodine ; this blue colour disap- 
pears upon adding chlorine in excessi chloride of iodine 
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being fomied ; and also upon the application of heat, but 
returns when the solution is cooled. Soluble iodides 
fonn with nitrate of silver an iodide of silver of a pale 
yellow colour, insoluble in ammonia ; with salts of lead 
an iodide of a rich yellow colour, and with bichloride of 
mercury (corrosive sublimate) a fine scarlet iodide. 
Iodine combines with most of the non-metallic bodies, 
and with all the metals ; it combines with oxygen in 
three proportions, forming iodous, iodic, and periodic 
acids; the iodic acid forms, with bases, salts called 
iodates, which are analogous to chlorates, and when 
heated are resolved into oxygen and a metallic iodide. 
Upon this principle is conducted one process for the ma- 
nufacture of iodide of potassium. Iodine is dissolved in 
a solution of potash, and evaporated to dryness ; iodide 
of potassium and iodate of potash are formed ; upon fus- 
ing the mass oxygen is given off abundantly from the 
io&te^ and pure iodide of potassium remains. Iodic 
acid is composed of one atom of iodine and five of oxygen* 
Hydriodic acid. — This, the only compound of iodine 
and hydrogen, is procured, as a colourless gas, by the 
reaction of iodine^ phosphorus, and water. To obtain 
it in solution in water, iodine is acted upon, difiused 
through water^ by sulphuretted hydrogen gas : the iodine 
combines with hydrogen, and sulphur is set free. 

BROMINE. 

This element is found generally combined with so- 
dium or with magnesium, in sea-water, in many species 
of sea- weed, and in certain springs. Through the mo- 
ther liquor, cidled biUerth which remains after common 
salt has crystalized out of sea-water, chlorine is passed, 
and the liquor is tinged of a yellow colour by the libe- 
rated bromine ; by shaking this liquor with some ether^ 
the bromine is taken up, an ethereal solution of bromine 
of a hyacinth red colour, being produced ; by acting upon 
this with potash a mixture of bromide of potassium 
and bromate of potai^ are formed, which, upon fusion, 
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give off oxygen, leaving pure bromide of potassium ; by 
treating this with SOs and peroxide of manganese bro- 
mine is given off, and may be distilled into water, in 
which it sinks to the bottom. 

Bromine solidifies at a temperature of 4** ; is deep red 
by transmitted, and black by reflected, light ; its sp, gr. 
is 2*97 ; it is called bromine from its heavy, disagreeable 
odour (flputfjLog, a stench) ; it gives off copious orange- 
red fumes, and must be preserved under water, in which 
it is sparingly dissolved : it is taken up by alcc^ol as 
as well as ether ; a lighted taper bums in it, for a mo- 
ment or two, with a green flame and much smoke; 
some metals in flne powder take fire in its vapour; it 
bleaches vegetable colours, leaving a yellowish stain it- 
self, and is poisonous. Bromine may be detected by its 
colour and odour, and by bromine, or metallic bromides, 
giving, with solution of nitrate of silver, a curdy- white 
precipitate, insoluble in nitric acid, but soluble in ammo- 
nia, and which may be distinguished from the chloride 
of silver by giving vapours of bromine when heated with 
chlorine -water. 

Bromine unites with five atoms of oxygen to form 
bromic acid, and with hydrogen to form hydrobromic 
acid ; this last is obtained on the same principle as hy- 
driodic acid, and bears a close analogy to muriatic acid 
in its chemical relations, but may be easily distinguished 
by evolving bromine in contact with CI. or NOj. There 
are bromides of sulphur, phosphorus, and iodine. 

PLUORINB (F.). 

This substance has not yet been obtained in a state 
of isolation, for so intense and varied are its affinities, 
that immediately it is freed from one compound it enters 
into combination with another body. The only sub- 
stances upon which it is incapable of acting are those 
already saturated with it, such as fluoride of calcium 
(fluor spar). The most ingenious experiments upon 
fluorine have been those of the Messrs. Knox, conducted 
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in apparatus made of fluor spar; but^ even in this 
case, the isolation of fluorine was not demonstrated to a 
certainty. 

Hydrofluoric add, or fluoride of hydrogen (HF.)» 
is the most important compound of fluorine. It is 
prepared by distilling fluor spar in powder with twice 
its weight of the strongest oil of vitriol from a leaden 
retort into a leaden receiver kept cool by ice ; sulphate 
of lime and hydrofluoric acid are formed, the latter dis- 
tilling over as an acid liquor of a very suffocating odour, 
and excessively corrosive. It is heavier than water, 
increasing in weight by dilution to a certain extent ; 
very volatile, and boils at 60"; it acts rapidly upon the 
metals^ except gold, platina, silver, and lead, forming 
metallic fluorides with evolution of hydrogen. HF. 
corrodes and dissolves glass, forming fluoride of silicon 
with the silica of the glass ; upon this principle designs 
may be etched upon glass. This process may be ef- 
fected by using either the liquid acid or the gaseous. 
The glass-plate must be covered with a coating of wax, 
and the drawing or design being traced with a sharp- 
pointed tool lays bare the surface to be acted upon ; the 
liquid acid, being poured over the plate, will corrode 
such parts of the glass as are not protected from its 
action by the wax. In applying the gaseous acid the 
same plan is adopted, save that the plate is placed over 
a leaden dish, holding powdered fluor spar and oil of 
vitriol, which, when heated, give ofF the acid vapours. 
The etching in the last case has a rough appearance ; 
this is occasioned by the ascent of watery vapour with 
the gaseous acid in suflicient quantity to decompose the 
fluoride of silicon, and silica being formed is deposited 
upon the glass. 

SILICON (SI.). 

This is the most extensively distributed of the simple 
elements, being estimated to constitute one-sixth of the 
entire mass of the mineral crust of the globe. It always 
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exists in combination with oxygen, ftmniig mJicic add, 
popularly called Bilica. Flints, quartz, agate, and sand^ 
are silica, more or less pure, which, in combination with 
metallic oxides, form silicates — a yery laige class, 
including most of the earthy minerals. It is very 
difficult to obtain silicon in a state of parity ; it is pre- 
pared by acting upon the double fluoride of silicon and 
potassium with pure potassium, in an iron cylindo', or 
in a tube of hard glass. Silicon so obtained is a dull 
brown powder, and takes fire when heated in air or 
oxygen, forming silicic acid. 

SILICA (Si Os.) 

Exists in very hard masses, in a state of purity, con- 
stituting quartz rock. To reduce it to powder, it must 
be heated to redness, and then thrown into cold water, 
or it may be more minutely divided by fusing, in a pla- 
tina crucible, equal parts of carbonates of potash and 
soda, and adding powdered flint in small portions at a 
time ; the silica dissolves in the melted alkali and car- 
bonic acid is given off; if a stronger acid be added to 
these alkaline silicates dissolved in water, silicic acid 
will be thrown down in the shape of a gelatinous hy- 
drate, which forms a white^ somewhat gritty, powder 
when dried. Silica has a sp. gr. of 2*66 ; it is fusible 
only in the flame of the oxyhydrogen blowpipe, in which 
it ^rms a colourless glass. Many mineral waters con- 
tain silica in solution, which being precipitated in the 
substance of organic matter, produces silicious petri- 
factions, in which the tissues of the substance are 
preserved with the utmost accuracy. It is probable 
that much of the silica existing in nature has been de- 
posited in the soluble state. Silica is of great import- 
ance in the arts, being a constituent of glass, porcelain, 
and all kinds of delf and earthenware. Hydrofluoric 
acid is the only acid which can dissolve silica. It is 
composed of one atom of silicon and three of oxygen ; it 
does not combine with hydrogen nor nitrogen, but forms 
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with chlorine chloride of silicon^ and with fluorine jf^ew)- 
ricle of silicon and hydrofluoailicic acid* 

BORON ^B.)j 

Originally obtained by decomposing boracic acid by 
galvanic agency. It may be prepared by acting upon' 
fluoborate of potash with potassium. This salt is com- 
posed of fluoride of boron united to fluoride of potassium. 
In the decomposition with potassium all the fluorine goes 
to the potassium, and boron is liberated. Boron is a 
dark olive substance, insoluble in watery it takes Are 
when heated to 600° in air or oxygen ; and forms bora- 
cic acid by igniting it with carbonate, or with nitrate of 
potash ; or, by boiling it in nitric acid, the same result is 
produced. It is not an abundant element in nature, 
and is found in combination only with oxygen, forming 
boracic acid. Borate of soda is found in certain Indian 
Bj^rings^ and when crystalized in a rough way is known 
in commerce by the name of HnkcU, or crude borax. 
Boracic acid is found flree, or in combination with a 
small quantity of ammonia in the volcanic lakes of Tus- 
cany ; the watery vapour also which escapes there from 
fissures in the earth contains it along with muriatic acid. 
The water of these lakes, when evaporated, afibrds crys- 
tals of boracic acid, in which state it is exported for 
the manufacture of borate of soda (borax). Boracic 
acid, the only compound of boron and oxygen, may be 
obtained pure by boiling the native acid with eight parts 
of water and a httle white of egg, and then Altering. 
On cooHng the acid crystalizes, in an irregular form, in 
large brilliant plates, which feel soft and unctuous. It 
may be procured, also, by dissolving borax in four times 
its weight of boiling water, and adding SOs. till the 
liquor becomes sour ; the acid crystalizes on cooling ; but 
a second solution and crystalization are necessary to free 
it from any sulphuric acid, or sulphate of soda, that may 
attach to it. Boracic acid may be recognised by its 

solution in alcohol, burning with a beautiful green flame ; 

I 2 
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it exerts very feeble affinities, all its salts being decom- 
posed by the weakest acids, and many o£ them having 
an alkaline reaction ; it does not quite redden litmus 
paper, merely giving it a port-wine colour, and a strong 
solution of it has an alkaline reaction on turmeric paper. 
It consists of one atom of boron and three of oxygen, 
and forms compounds with chlorine, fluorine, sulphur, 
and selenium, but not with hydrogen or nitrogen. 

CABBON (C). 

This element is found in great abundance in vegeta-^ 
ble and animal substances ; it is also a large constitu^t 
in the mineral kingdom. In the last case, it may be 
presumed to have an organic origin. Thus coal has 
been formed by the aggregation of large masses of wood, 
derived from the forests which covered the earth in one 
of its earlier conditions. Suffering immense pressure 
from the superposited layers of mud and sand, this 
wood has undergone decomposition, during which, as in 
the formation of peat at the present time, carbonic acid 
was evolved in large quantities. In the case of the 
native carbonates also, an organic derivation may be de- 
monstrated, for the largest masses of carbonate of lime 
are merely aggregations of the shells of animals ; the 
organic characters, in some instances, being more or less 
removed by fusion from proximity to igneous rocks, or 
by the solvent power of water holding carbonic acid, 
which passing through strata of shells, will have taken 
up the carbonate of lime and subsequently deposited it 
in a crystaline shape. The other native carbonates may 
have been the result of double decomposition, as water 
holding carbonate of lime in solution will form sulphate 
of lime, if it percolate through a stratum of oxidized iron 
pyrites, and carbonate of iron will be generated. 
' Carbon is found in a great variety of forms. In a 
state of purity and of crystaline aggregation it consti- 
tutes the diamond, found in alluvial strata of certain 
districts in Asia and South America ; the diamond crys- 
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tal usually presents a great number of sides^ bounded by 
curved edges^ by which it has the property of splitting 
glass like a wedge^ and not of scratching it like a file ; 
the crystals are mostly hemihedral, and often rough and 
discoloured at the surface; they all cleave parallel to the 
&ces of a regular octohedron (fig. 6^ page IS), but its 
properties in relation to light are peculiar, and distinguish 
it from mineral crystals of the regular system : its struc- 
ture has been found to consist of layers, sometimes hav- 
ing cavities indicating that the crystal has been soft^ 
and has concreted gradually ; it has also been recently 
discovered^ that the diamond when burned leaves behind 
a minute skeleton of inorganic matter, upon which it may 
be supposed the organic element of which the diamond is 
formed was originally deposited. 

The diamond is the hardest of known bodies ; it cuts 
every other, and can be ground only by its own powder ; 
it is generally colourless, sometimes brown or rose* 
coloured ; its brilliancy is owing to its great refractive 
power; it is a bad conductor of heat and electricity, 
resists the action of most chemical agents, but bums 
brilliantly in melted nitre, forming carbonate of potash ; 
it bums also when heated to redness in oxygen gas; its 
sp. gr. is about 3*5* 

Plumbago or graphite is a remarkable form of carbon ; 
it is found in many places, the purest in Borrodale, Cum- 
berland; it is opaque, crystalizes in rhombohedrons or 
six-sided tables, but its general form is that of brilliant 
leaves or spangles ; it is soft and unctuous to the touch, 
and leaves upon paper a continuous dark gray streak, hence 
its use in the manufacture of black-lead pencils : it is found 
only in igneous rocks, such as granite and mica slate, and 
contains generally a large admixture of iron in the metallic 
state, for which reason it was once regarded as a car- 
buret of iron ; its origin appears to have been connected 
with iron, and a very high temperature for the reasons 
just stated, and also because it may be formed by adding 
charcoal to fused cast-iron; upon cooling, the charcoal 
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will be found to have formed flexible plates more ot 
less six-sided ; its sp. gr. is 2*5 ; it is a better conductor 
of heat and electricity than diamond, but it is difScult 
to set on fire. 

Carbon, more or less pure, may be obtained by raising 
organic matter, vegetable or animal, to a very high tem- 
perature in close vessels ; carbon so procured differs in 
appearance very much, according to the substance from 
which it is formed, &c. Coke is carbon mixed with the 
earthy material of coal ; anthracite is carbon nearly pure, 
and has been formed by the proximity of coal to igneous 
rocks, by the heat of which its volatile materials have 
been driven off. These substances, though difficult to 
ignite, evolve intense heat during their combustion. When 
an organic substance which contains carbon and hydro- 
gen is set on fire, with firee access of air, it is converted 
into water and carbonic acid ; but if the supply of air be 
limited, no carbon is consumed untU the hydrogen is all 
expelled and forms water. Wood-charcoal and lamp- 
black are manufactured upon this principle. Large 
quantities of charcoal are obtained in the manufacture of 
vinegar from the destructive distillation of wood. The 
more slowly the charring process is conducted, the larger 
will be the amount of charcoal. 

Animal charcoal is the result of decomposition of ani- 
mal matter in close vessels : it is called in the arts bone 
black or ivory black, bone being the principal material 
from which it is derived. In this state it is mixed with 
phosphate of lime, the earthy constituent of bones. 

The inflammability of carbon varies with its state of 
aggregation ; it is least in graphite, and so great in wood- 
charcoal slowly prepared and reduced to powder, that it 
will sometimes inflame spontaneously, and thus give occa- 
sion to such accidents as occur in powder-mills. Carbon 
has a strong tendency to unite with colouring and odorous 
matter ; animal charcoal, owing to the minute division 
of its particles, has this property in a remarkable degree. 
In the purification of sugar, and in clearing many organic 
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aolutions, this property is applied; barrels intended to 
hold water for any length of time are charred internally, 
in order to remove putrefactive organic matter from their 
contents. Charcot possesses the power of absorbing 
gases to a considerable extent ; a piece of wood-charcoed 
will absorb 90 times its volmne of ammoniacal gas. 
The gases so absorbed imdergo no chemical change ; they 
are retained between the pores of the charcoal by a power- 
ful cohesive attraction. The sp. gr. of carbon is unde- 
cided ; it is assumed by one eminent chemist to be 843. 

Carbon combines with oxygen in several proportions. 
The most important of these combinations, are carbonic 
oxide^ and the carbonic and oxalic acids. 

Carbonic acid is found in the atmosphere; and, in com« 
bination with metallic oxides, it forms the numerous 
class of carbonates : it is produced during the slow com- 
bustion of most vegetable bodies, and in volcanic districts 
is evolved in large quantities from the earth: it is 
formed along with alcohol in the fermentation of sugar. 
For the purpose of experiment it may be procured by 
acting upon carbonate of lime with any stronger acid ; 
the muriatic is generally used, owing to the solubility of 
the products. Pieces of white marble are placed in a 
wide-necked bottle, and the acid, diluted with its own 
bulk of water, is poured upon them by means of a fun- 
nel ; the acid is evolved, and may be collected in dry 
jars^ which are known to be full when a lighted taper, 
placed near the mouth of the jar, is extinguished. In 
this case the hydrogen of the muriatic acid (HCl.) unites 
vdth the oxygen of the oxide of calcium (Ca 0.) to 
form water (H 0.), and the chlorine forms with the 
calcium chloride of calcium (Ca Cl.)^ carbonic acid (C 
Os ) bemg liberated. 

CO3. is a colourless, invisible, and irresplrable gas; 
it acts as a narcotic poison on the animal system ; for 
even diluted in the proportion of one part of the gas 
to ten of air, it will gradually produce stupor and death 
if inspired; it is heavy, its sp. gr. being 1*521, and 



120 CHEMISTRY. 

when evolved will accumulate ; hence the cause of death 
in lime-kilns^ dry wells> and large vats. In all cases 
where the gas is liable to be evolved and accumulated 
accidents may be avoided by observing if a lighted candle 
be extinguished in the suspected atmosphere ; COg. not 
being a supporter of combustion^ will^ if present, at once 
quench the flame. The lower stratum of air of certain 
caverns in volcanic districts is contammated with this 
gas, and dogs are asphyxiated in it for the amusement of 
visitors, whilst the upper air of the cavern is respired 
with impunity ; the dogs in such cases are revived by 
being thrown into cold water. Water dissolves its own 
bulk of COt. gas, the solution having an agreeable aci- 
dulous taste, and sparkling when agitated ; it imparts to 
blue litmus paper a wine-red colour, which disappears 
on exposure to air or heat. Water may be made to 
absorb a much laiger amount of COg. by means of pres- 
sure, the gas escaping with effervescence when the pres- 
sure is removed. Upon this principle many effervescing 
fluids are manufactured, as refreshing beverages, to re- 
move thirst, or to allay the irritation of the mucous 
membrane of the stomach, which often follows the use 
of an undue quantity of spirituous potations. The 
latter effect is produced by the sedative influence of the 
carbonic acid gas. 

COg. may be liquified by a pressure of thirty-six at- 
mospheres, and forms a colourless and excessively volatile 
fluid. If the pressure be suddenly removed this fluid 
will be converted into gas with such rapidity, that a por- 
tion of it will be solidified by the sudden abstraction of 
the heat necessary to vaporize the other portion. Solid 
COs. procured in this way is a white filamentous mass ; 
it evaporates slowly, and is very soluble in alcohol and 
ether ; the evaporation of the ethereal solution produces 
the most intense cold known, being estimated at 1 80** 
below zero of Farenheit. The existence of carbon in 
COs. may be demonstrated by heating to redness a piece 
of potassium in a current of the gas ; the metal bums 
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with a bright yiolet flame^ forming potash by unitmg 
with oxygen^ whilst the carbon is deposited in the shape 
of a briUiant jet-black film. 

CO9. combines with bases to form the class of salts 
called carbonates ; these are neutral^ basici or acid salts^ 
according to the proportions of base and acid — being equ^ 
in the fii^, the base preponderating in the seccmd, and 
the acid in the third ; idl carbonates are recognised by 
yielding COt. when acted upon in the cold by muriatic 
acid. 

Carbonate of potash is obtained by the incineration of 
plants which have not grown in, or on, the brink of the 
sea ; in these potash is contained in combination with 
Various acids, as nitric> malic^ oxalic, acetic, which are 
converted into carbonates by combustion : the softer and 
more succulent plants yield the most potash ; and the 
composite and cruciferous families afford it in greatest 
quantity. Of woods, the leaves yield more than the small 
branches, and these more than the stems. In America 
and Russia, where laige forests exist, the smaller timber 
is burned^ and the ashes^ being collected, are boiled in 
large pots — hence the nBxat pot-ashea. The soluble salts 
are separated from the insoluble by this means, and car- 
bonate of soda is obtained in a pure form by evaporating 
to dryness ; this constitutes the /»6ar^a«^e« of commerce^ 
of which the American samples contain about 8.5 per 
cent of carbonate of Jpotash, the Russian about sixty per 
cent.^ the remainder being composed of silica, sulphate 
of potash, and chloride of potassium. Carbonate of 
potash is generally prepared for chemical purposes by 
roasting bitartrate of potash (cream of tartar) ; the tar- 
tar is converted by the heat into carbonic acid, which 
unites with the potash ; this is digested with water, and, 
having been filtered to separate charcoal, is evaporated 
to dryness. The white granular mass which is formed 
has long been known under the name of saM ofta/rtar; 
it is a deliquescent, very soluble salt, and has a strong 
alkaline reaction. By passing a current of carbonic acid 
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gas through a solution of this salt at a temperature not 
above 100", bicarbonate of potash is formed ; it is a 
much less soluble salt, but is converted into neutral car- 
bonate when its solution is boiled. 

Carbonate of soda is manufactured on a large scale 
from common salt, which has first been converted into 
sulphate of soda; this sulphate, freed from water, is 
mixed with lime and small coal, and, being exposed to 
a strong heat in a furnace, the whole forms a mass called 
Uack ash, from which, after a protracted process, pure 
carbonate of soda is procured. This salt crystalizes in 
flat, oblique, rhomboidal prisms, which contain two equi- 
valents of water ; in a cbry atmosphere all this water is 
lost. Na CO,. 4- 10 HO. dissolves in five parts of 
cold, and in less than one of boiling water ; it is fused 
in its own water of crystalization ; the dry carbonate 
which remains after the water has evaporated is called 
soda siccata (dried soda). Carbonate of soda was for- 
merly obtained from the ashes of salsola soda and*of other 
marine plants ; the mass of ashes was called kelp and 
barilla, and was imported from the coasts of France and 
Spain, and also from the Western coast of Ireland, and 
from the Orkneys. Bicarbonate of soda is formcMl by 
passing a stream of COg. through a solution of the carbo- 
nate. Sesquicarbonate is found on the banks of certain 
lakes in Northern Africa, whence it is imported under 
the name of trona : it consists of two proportions of 
carbonate of soda, three of carbonic acid, and four of 
water. Carbonate of barytes is found native, and has 
been used in the manu&cture of glass. 

Carbonate of lime, — This body exists abundantly 
under the denominations of lime-stone, marble, &c. ; 
it may be obtained pure by decomposing chloride of cal- 
cium with carbonate of ammonia. Muriate of ammonia 
and carbonate of lime are formed, the latter insoluble 
m pure water, but soluble in water holding carbonic acid 
in solution, not from the formation of soluble bicarbonate 
ot hme, but owing to a solvent property existing in the 
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"water itself. When such a solution is heated or exposed 
to the air for some time the carbonic acid is evolved, and 
the carhonate of lime is deposited as an incrustation ; 
hence the formation of stalactites, &c 

Carbonate of nuy^nenaiB found native in rhomboidal 
crystals ; it may foe formed by dissolving magnesia in 
'water of carbonic acid, from which it will crystalize in 
six-sided or eight-sided prisms ; this salt is decomposed 
by hot water, carbonic acid passing off, and the common 
carbonate of magnesia remaining. This carbonate is pre- 
pared by mixing boiling solutions of sulphate of magnesia 
and carbonate of soda, the first being slightly in excess. 
This carbonate is very light, nearly insoluble in water, 
and is composed of carbonate and hydrate of magnesia. 

Protocarhonate of iron is found native; it may be 
prepared by decomposing protosulphate of iron with car- 
bonate of soda : a white precipitate is formed, which, on 
exposure to air, absorbs oxygen and gives off carbonic 
acid, becomes green, and ultimately red, being con- 
verted into peroxide of iron. Protosulphate of iron ex- 
ists in chalybeate springs, being soluble in water con- 
taining carbonic acid. 

A carbonate of zinc may be formed, and carbonates of 
copper exist native ; one of these is known by the 
name of malachite, and is used as a paint ; it is of a 
bright green colour. 

Carbonate of lead (PbO. COg.) found native, and may 
be obtained in a fine crystaline powder by decomposing 
a solution of nitrate of lead, with carbonate of soda. 
The white lead^ or cerwe of commerce, consists of a 
number of basic carbonates, mixed in uncertain propor- 
tions. White lead is manufactured by exposing thin 
sheets of metallic lead to the i^unes arising from vessels 
containing weak vinegar, which are kept warm by being 
placed in fermenting tan ; the lead forms an oxide with 
the oxygen of the air, which combines with the acetic 
acid of the vinegar fumes, forming a basic acetate of 
lead, which is decomposed by the carbonic acid of the 
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air^ by which basic carbonate and neutral acetate are 
formed ; this last under the influence of the air takes 
up a fresh quantity of lead and the decomposition is 
repeated^ a very snudl portion of acetic acid being neces- 
sary to produce a large amount of ceruse. This process 
has been recently modified and improved by exposing 
finely-powdered protoxide of lead (litharge)^ mixed with 
one per cent, of acetate of lead^ to a stream of carbonic 
acid^ generally obtained from the fermenting vats of a 
brewery. 

Carbonic oxide (CO.) is formed when COg. is passed 
through a tube containing red-hot charcoal, another atom 
of carbon being taken into combination. It is a colour- 
less, inodorous gas ; does not affect vegetable colours ; ex- 
tinguishes a taper; but bums itself with a pale blue 
flam'e^ forming COg. 

Oxalic acid (C^ Oa.). This acid is found in combina- 
tion with potash in plants of the rumex kind^ forming 
salt of wrrd; it is also found united with lime in rhubarb- 
root, and in many lichens : it was formerly manu&ctured, 
for the most part, from the oxtdis acetosella. It is generally 
a result of the action of nitric acid upon vegetable sub- 
stances, and its manufocture is based upon this principle. 
A quantity of sugar or starch is placed in an earthen pip- 
lan, of which a great many are arranged in a shallow 
vessel holding warm water^ and about four parts of NOs. 
of sp. gr. 1*4^, are poured into each pipkin ; the sugar, or 
starch, is oxidized, nitrous fumes escaping, after a little 
time one part more of acid is added, and the temperature 
increased ; the contents of the various pipkins are mixed, 
evi^porated to a pellicle, and set aside to crystalize ; the 
crystals are purified by repeated solution and crystaliza- 
tion. The object effected by this process is the removal 
of hydrogen firom the vegetable substance acted upon, and 
the substitution of oxygen in its stead. Oxalic acid pre- 
sents itself in oblique rhombic prisms, which contain 
three atoms of water, one being basic, that is to say, 
chemically united to the acid, and remaining after two 
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atoms are driyen off by heat. COg. is converted into 
C0«. by contact with peroxide of manganese and other 
peroxides; it is also converted into COa. by excess of 
nitric acid or chlorine. 

The oxalic is an intense acid ; one grain of it in 
30,000 grains of water will affect litmus paper; it 
leaves no charcoal residue when acted upon by heat; 
it throws down with lime water a precipitate insoluble 
in excess of oxalic acid, or in any vegetable acid ; it has 
a strong poisonous action, for which magnesia is the best 
antidote ; chalk and lime are also used for the purpose. 
There are three oxalates of potash, — the neutral oxalate^ 
the binoacakUe (salt of sorrel), and the quadroxaiate ; 
the two latter are called in commerce actU of lemons^ and 
are used for removing iron moulds and stains of ink, 
which they effect by forming a soluble double salt with 
peroxide of iron. OocalcUe (flime, found in rhubarb and 
in many of the lichen family, may be prepared by decom* 
posing oxalate of ammonia with a soluble salt of lime ; 
it is soluble in mineral, but not in vegetable acids, or 
in water. Oxalate of silver is interesting from its 
being resolved into carbonic acid and metallic silver 
on the appUcation of a moderate heat. There are 
many double oxalates, such as oxalate of copper and 
potash. 

Chlarocarbonic acid is formed by the exposure to light 
for some hours of a mixture of equal volumes of chlorine 
and carbonic oxide ; it was called phosgene gas by Sir 
H. Davy, who discovered it ; by contact of water it is 
resolved into carbonic and muriatic acids. 

There are seveial^combinations of carbon and oxygen, 
which, though interesting to a certain extent, cannot be 
fully noticed here ; these are rhodizonic acid (C7. 0^^ 
4- H».), croconic acid (Cs. O4,), meUitic add (C4. Ob.), 
which is found native, combined with alumina in honey* 
gtane, or mellite. Carbon forms with sulphur a sulphuret 
of carbon (CSg.) and with chlorine four different chlo- 
rides of carbon. 
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THB MBTALS. 

Thebb are forty-two metals^ all possessing general 
properties by which they are readily recognised ; their 
lustre is almost peculiar, and is called^ therefore, me- 
tallic : they are good conductors of heat and electricity : 
in this respect the worst metallic conductor is better 
than the best of the non-metallic bodies. In colour and 
density great difference exists amongst the metals. Sil- 
ver is white, gold yellow, copper red, but the majority 
are of a bluish grey ; platina is twenty-one times the 
density of water, potassium only nine-tenths of the den- 
sity of water. Some of the metals are characterised by 
their malleability and ductility ; gold is the most mal- 
leable, silver, copper and tin are next in this respect ; 
the most malleable are not the most ductile, as iron is 
more ductile than gold ; but metals not malleable are 
not ductile, nor are those not ductile malleable. 

Temperature has a powerful influence in determining 
the ductility and malleability of metals ; thus, sdnc is 
malleable and ductile at dOO*", and at 600*^ is brittle and 
may be reduced to powder. The metals diifer veiy 
much in tenacity, iron being the strongest, as a wire of 
it will sustain a greater weight than a wire of the same 
size of any other metal ; copper ranks next, though only 
of half the strength of iron ; platina, silver and gold are 
next in order, and the least tenacious of the metals are 
tin and lead. The fusing points of metals include an 
extensive range of temperatures : thus, mercury becomes 
fluid at 39'' below zero, and platina can be flised only 
in the intense heat of the oxyhydrogen flame. Most of 
the metals are permanent ; some, as mercury, zinc, cad- 
mium, arsenic, tellurium, potassium and sodium, may 
be converted into vapour. Metals, with few exceptions, 
when exposed to the air, attract oxygen from it, and are 
converted into oxides ; some are oxidised on the surface 
merely, others are entirely changed : gold, silver, plati- 
num, palladium and mercury are not affected in this 
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way ; a rise of temperature increases the tendency to 
oxidation of those metals that attract oxygen at ordinary 
tenQperatures. The metals manifest a strong tendency 
to combine with chlorine ; gold and platina unite with 
chlorine^ though they are not oxidized by nitric acid ; 
and several bum spontaneously when thrown^ in a state 
of powder^ into chlorine. At a high temperature most 
metallic oxides are decomposed by chlorine^ a chloride of 
the metal being formed with evolution of oxygen. The 
metals combine with iodine^ bromine^ and fluorine ; and 
the metallic compounds of sulphur are extensive and 
important ; selenium and phosphorus unite with metals^ 
holding nearly the same relations to them as sulphur. 
Tellurium, arsenic and antimony combine with hydro- 
gen, forming gaseous compounds; and in these combi- 
nations the metals have the same relation to hydrogen 
as sulphur has. 

The metals are found in nature in a variety of forms ; 
some exist native^ or as alloys with other metals ; many 
are found in combination with arsenic; metallic chlorides 
and iodides exist native^ but the compounds of metals 
with oxygen and sulphur are the principal sources whence 
they are derived. The name of ore is given to the native 
compound of a metal. Metals are separated from their 
ores by acting upon them with some substance which 
has a stronger affinity for the body combined with the 
metal than the metal has for it ; thus^ when a metal 
exists in combination with oxygen, it is only necessary 
to expose it to a powerful heat in contact with a fuel 
that will furnish carbon ; carbonic acid will be formed, 
and the oxide reduced to the metallic state. A metal 
may be separated from sulphur by another metal that 
has a stronger affinity for sulphur than the one in com- 
bination. There are, however, various modes of redu- 
cing metals^ the description of which does not come within 
the scope of this work. 
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POTASSIUM. 

This metal, which is the base of potash, was diaeo- 
vered by Sir H. Davy; it was obtained by the acti<m of 
a powerful galvanic battery upon a stick of caustic potashj 
slightly moistened so as to render it a conductor of elee- 
tricity : water and potash were decomposed at the same 
time, oxygen appearing at the positive pole, hydrog^m and 
potassium at the negative wire. The metal is now^ pre- 
pared in moderately large quantities by the decomposition 
of cream of tartar : this substance is first converted into 
carbonate of potash and carbon, by being ignited in a 
covered crucible ; it is then mixed with coarsely pow- 
dered wood-charcoal, and exposed to a white heat in an 
iron bottle, from which the metal distils over into a 
cooled receiver, where it is protected from the action of 
air by naphtha, in which it must be preserved ; the oxy- 
gen of the potash and of the carbonic acid unites with a 
fresh portion of carbon, and forms carbonic add, which, 
by an arrangement of the apparatus, is allowed to escape. 
The metal prepared in this way is contaminated by car« 
bon, and a compound which it forms with carbonic oxide ; 
from these it is purified by distillation in cast-iron re- 
torts. "" Potassium is soft at ordinary temperatures ; at 
32" it is brittle and crystaline, at 70*^ pasty, and at 150** 
fluid ; its sp. gr. is 0*865, water being 1000 ; its colour 
is a bluish white, but if exposed for a moment to air it 
becomes grey, being converted into oxide (potash) on the 
surface ; when heated it bums with a violet flame ; it has 
such a powerful aflinity for oxygen that water is decom- 
posed in contact with it, so much heat being evolved that 
the hydrogen which is evolved will take fire and bum in 
connexion with the metal if air be present ; the metal in 
this case is converted into a globule of dry potash, which 
combines with the water, the imion being accompanied 
with a loud report. 

Potassium combines with oxygen in two proportions, 
forming a protoxide (KO.) and a peroxide (KOa.) ; the 
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protoxide constitutes potash ; once combined with water 
potash cannot be deprived of it except by combination 
with an acid ; potash, therefore, as it is usually found is 
a hydrate^ for perfectly anhydrous potash, in uniting 
with water, ignites. Hydrate, of potash is familiarly 
known by the name of caustic potash. A solution of this 
caustic potash is prepared by adding to a boiling solution 
of carbonate of potash slacked lime in powder ; the lime 
attracts the GOt. forming carbonate of lime ; the liquor 
of potash is known to be quite freed from CO,, when no 
effervescence ensues upon the addition of muriatic acid. 
The solution, when evaporated to a certain extent, is 
poured into moulds, in which it solidifies ; in this shape 
it has long been in use amongst surgeons, and was for- 
merly called laph infemalis or devil*s stone, from its 
escharotic properties ; when pure the hydrate is white, 
and of a crystaline fracture ; it has a soapy feel from its 
dissolving the cuticle, with which it forms a soap ; it has a 
strong action on all animal organic tissues ; its solution is 
eminently alkaline, and to preserve it from access of COg., 
which converts it into a carbonate, air must be excluded. 
The different combinations of potash are of great interest, 
and are extensively used. The alkali with which it is 
most liable to be confounded is soda, from which it is 
distinguished by forming with an excess* of perchloric, 
tartaric^ and hydrofiuosilicic, acids, sparingly soluble 
salts; soda, on the contrary, forming with these acids 
very soluble salts ; chloride of platinum forms with solu- 
tion of muriate of potash a fine yellow precipitate, but 
with a solution of soda no precipitate falls. Potash is 
composed of an equivalent of each of its elements, one of 
potassium 39'3> and one of oxygen 8-0 ; its combining 
equivalent is therefore 47 'S. 

Peroxide of potassium is a yellow powder, formed by 
burning potassium in an excess of oxygen gas. 

Potassium combines with sulphur forming four differ* 
ent sulphurets. The p-otostdphuret may be formed by 
igniting in a crucible a mixture of charcoal and sulphate 
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of potash ; carbonic oxide is erolyed, sulphmet of potas- 
sium remainii^ in combination, thus : KO. SOg. + 4G. 
s= 400. + KS. If carbon^ in a state of veiy minute 
division, be used in this process, the product will take 
fire on coming into contact with air, firom its rapid com- 
bination with oxygen* Ter»dpkwret of potassium is 
formed by fusing together one part of sulphur and two of 
carbonate of potash; in this process carbonic acid is 
driven off, and the mass whidi remains consists of a 
mixture of tersulphuret of potassium and sulphate of 
potash ; this is called liver of sulphur ; it is of a liver 
brown colour, deliquesces in the air, and absorbs oxygen. 
If a solution, of this substance be acted upon by an add, 
water is decomposed, its oxygen going to the potassium to 
form potash, its hydrogen to a portion of sulphur to form 
Bulphuret of hydrogen, and the remaining sulphur £ftlls 
to the bottom as a white, and very minutely divided, 
mass, which is known by the name of lac gulphuris, or 
milk of sulphur. Protomlphuret is formed by decompos- 
ing sulphate of potash by sulphuret of hydrogen at a red 
heat. Potassium combines with selenium to form 9eleni' 
ureta ; their constitution bears a close analogy to the sul- 
phurets. 

SODIUM (Na.). 

This metal, in the state of chloride (common salt), ex- 
ists in large masses, constituting salt mines ; it is found 
dissolved abundantly in the waters of the sea and of salt 
lakes; it is also found in many minerals, and in the 
blood and fluids generally of animals. The discovery of 
sodium was made by Davy, in the same way as that of 
potassium ; and it is now prepared in the same manner 
as that metal ; but its preparation is attended with less 
difficulty. Sodium when thrown upon water is rapidly 
oxidized ; hydrogen is evolved, but does not take fire, as 
in the case of potassinm, unless the metal be kept from 
moving about on the sur&ce of the water, when suffi- 
cient heat will be generated to set fire to the gas. The 
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sp. gr. of sodium is 0*972 ; it unites with oxygen in two 
proportions, forming a protoxide (soda) and a peroxide ; 
the latter is formed in the same way as peroxide of potas- 
.sium, and bears a close analogy to it in all its properties. 
Pure dry soda is of a greyish white colour, and rapidly 
absorbs water, from which it can be freed only by com- 
bination with an acid. 

Soda„ though its alkaline action is decided^ is not so 
strong an alkali as potash^ and all its salts are decomposed 
by potash. The presence of soda may be discovered by 
the absence of any evidence of the presence of potash or 
ammonia, when the tests for these substances have been 
used ; and the existence of a small quantity of soda may 
be discovered by its tinging the flame of the blow- pipe 
of a fine yellow colour. The compounds of soda are 
numerous and important. 

LITHIUM (L.). 

This metal has been isolated by the same means as 
the two last mentioned ; it is white, and becomes oxid- 
ized on exposure to air ; it is found in combination with 
a few minerals, from which it is obtained by a circuitous 
process. Lithia, which is a protoxide of lithium, is dis- 
tinguished from the other alkalies by the sparing solubi- 
lity of its carbonate ; it tinges the flame of the blow-pipe 
-of a bright red colour. 

BABiUM (Ba. Bapvs, heavy). 

Obtained generally from the sulphate and carbonate 
of barytes which exist native. It may be prepared 
either by voltaic agency, or by passing the vapour of po- 
tassium over barytes heated to redness ; the potassium 
combines with the oxygen of the barytes, and barium is 
set free ; the residue is then heated with mercury^ with 
which Uie barium amalgamates : the mercury is sepa- 
rated from this amalgam by distillation. Barium is a 
white metal ; it rapidly decomposes water, forming ba- 
rytes, with evolution of hydrogen. The native sulphate 

r2 
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of barytes was long known by the name of terra ponde- 
rosa, or heavy spar. Pure barytes is procured by submit- 
ting nitrate of barytes to a red heat ; it is a heavy grey 
powder^ rapidly absorbs water when exposed to the air, 
and falls into a fine white powder — ^hydrate of barytes. 
Solution of barytes is caustic and alkaline, and rapidly 
absorbs carbonic acid from the air, forming insoluble car- 
bonate of barytes ; barytes is known by its soluble com- 
pounds, giving white precipitates with carbonate of soda 
and sulphuric acid, neither of which is affected by solu- 
tion of sulphuretted hydrogen ; the latter is also insoluble 
in nitric and muriatic acids: barytes is a protoxide of 
barium, consisting of one equivalent of each element. 
The soluble compounds of barytes are poisonous, and the 
carbonate being acted upon by the free acids of the sto- 
mach, is also rendered poisonous ; the antidote is sul- 
phate of soda or of magnesia, by which an inert sulphate 
of barytes is formed. 

Sulphuret of barium (Ba. S.) is obtained by exposing 
sulphate of barytes in powder, mixed with lamp-black, to 
a powerful heat for two hours ; carbonic oxide is evolved, 
and sulphuret of barium remains behind. 

STRONTIUM (Sr.). 

The earth strontia is a protoxide of this metal, and is 
found native in combination with sulphuric and car- 
bonic acids at Strontian in Scotland. The metal is 
prepared in the same way as barium, and is nearly 
similar to it in properties; it is distinguished from 
barium by imparting a rich crimson colour to the blow- 
pipe flame. Nitrate of strontia is used to produce the 
red lights in fire- works ,* strontia may be separated 
from barytes by precipitating the latter by sulphurous 
acid. 

CALCIUM (Ca.). 

We are indebted to Sir H. Davy for the discovery of 
this metal also ; it is obtained in the same manner as 
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barium ; it is a white metal, heavier than water, which 

it rapidly decomposes^ forming protoxide of calcimn 

(lime), and setting hydrogen free. The protoxide, which 

is the only combination of calcium and oxygen, is found 

in great abundance ; combined with SOs. it forms sul-> 

phate of lime (plaster of Paris), and with Cg. it forms 

carbonate of lime (common limestone, marble, &c.) ; lime 

is also found in combination with phosphoric and arsenic 

acids, and with fluorine. Pure lime may be prepared by 

expelling the carbonic acid by exposure to a strong heat 

iroin pieces of marble ; common limestone is deprived of 

its COt. on the same principle in kilns. Lime is a white 

earth ; it absorbs water from the air, and falls to powder ; 

it is then said to be slacked^ and is a hydrate of lime. 

When lime is brought into contact with water, a hydrate 

is formed with evolution of heat sufficient to char wood 

and inflame gunpowder, when the process is conducted 

on a large scale. Lime is very sparingly soluble in water, 

and is more soluble in cold than in boiling water, one 

part of lime requiring 778 of water for its solution at 

60% and 1270 at 212^ 

The solution of lime-water has a slightly acrid taste, 
and an alkaline reaction ; when exposed to the air it 
absorbs carbonic acid and becomes covered with a pellicle 
of carbonate of lime ; when the breath is passed through 
lime-water by means of a tube, the fluid becomes turbid, 
the CO,, which is expired by the lungs forming carbonate 
of lime ; this is redissolved by an excess of acid. Carbo- 
nate of lime is held in solution by excess of carbonic acid 
in most spring and river water. Solutions of lime give, 
with oxalic acid^ a white precipitate not soluble in excess 
of the acid ; nitrate of lime is soluble in alcohol and deli- 
quescent; the flame of the blow-pipe is tinged of a 
brick red colour by the presence of lime. The use of lime 
in mortar is not owing to the formation of a carbonate, but 
to the drying of the hydrate of lime, by which the stones 
are retained in their places. Lime is employed in agri-> 
culture to decompose organic matter existing in the soil. 
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and thus render it a proper pabulum for plants ; its 
effects are best produced in soils such as peat^ where laige 
quantities of vegetable matter exist in a condition un- 
suited for absorption by the roots of plants. Calcium 
combines with sulphur in three proportions forming three 
aulphurets, 

MAGKSSIUM (Mg.), 

Discovered by Davy. It is best prepared by placing 
some pieces of potassium in the bottom of a tube of JaoEd 
glass, and laying over these fragments of anhydrous 
chloride of magnesium ; when heated nearly to the point 
of fusion the potassium is converted into vapour^ which^ 
coming into contact with the chloride, takes chlorine^ 
leaving the magnesium free. It is a white silvery 
metal^ malleable and fusible at a red heat; is slowly 
oxidized by damp air ; does not decompose water ; bums 
brilliantly^ when heated to redness, in air or oxygen, 
forming magnesia ; it inflames when thrown into chlo- 
rine ; dissolves in dilute acids, forming a salt with the 
acid, and liberating hydrogen. Magnesia, which is a 
protoxide of 'the metal and the only compound of mag- 
nesium and oxygen, is found largely in water, its most 
abundant source being the magnesian limestone, which 
is a mixture of carbonate of magnesia and carbonate of 
lime. Carbonates, sulphates, and silicates of magnesia 
exist native. Pure magnesia is prepared by exposing 
carbonate of magnesia to a red heat^ by which COg. is 
expelled ; it is a very light, white powder, devoid of 
taste and smell ; it is nearly infusible, and becomes, in 
common with lime, brilliantly phosphorescent when ex- 
posed to a powerful heat ; it is very sparingly soluble 
m water, and more soluble in cold dian in hot water. 
Magnesia is known by the entire solubility of its sul- 
phate, which is decomposed by the alkalies and their 
carbonates; the precipitate is redissolved by adding 
strong solution of muriate of ammonia ; the most deli- 
cate test for magnesia is to render the suspected liquor 
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alkaline by ammonia, and then add a solution of phos- 
phate of soda. ' A phosphate of magnesia and ammonia 
will crystalize on the side of the glass vessel ; this salt 
is nearly insoluble in an alkaline liquor. Epsom salt 
is a combination of sulphuric acid and magnesia. 

ALUMINUM (AL), 

Obtainbd by decomposing the chloride of aluminum 
"With potassium^ in the same manner as magnesium^ the 
process being conducted in a platinum or porcelain tube, 
as the heat evolved during the operation would fuse 
glass; the metal is procured in small brilliant scales; 
it does not decompose water at ordinary temperatures ; 
it dissolves rapidly in dilute acids and in alkaline solu- 
tions, liberating hydrogen by decomposition of water. 
Alumina is the only compound of alummum and oxy- 
gen ; it is found in nature more abundantly than lime ; 
is a large constituent of almost all rocks^ except pure 
limestone ; it is the basis of clay and of most soils, and is 
usually combined with silica. The ruby and sapphire con- 
sist of alumina and small quantities of colouring matter ; 
it is an indispensable ingredient in earthenware, and is 
used as a mordant to fix dyes in cotton or woollen cloths. 
Alumina, in combination with potash and sulphuric 
acidj constitutes alum^ from which the name is derived. 
Pure alumina is obtained by decomposing a solution of 
alum by carbonate of potash ; the SOs. combines with 
the potash, COs. is evolved, and alumina precipitates ; 
this is freed from sulphate of potash by solution in mu- 
liatic acid, from which it is again precipitated by carbo- 
nate of anunonia ; when well washed and dried, this is 
a white hydrate of alumina ; the water may be expelled 
by exposure to a white heat. Alumina suffers much 
contraction in drying ; the amount of contraction calcu- 
lated on a regular scale constituted the basis of Wedge- 
wood's pyrometer. It strongly adheres to the tongue 
and moistened lips, owing to its attraction for water ; and 
it is soluble in acids when dried at a moderate tempera- 
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ture. Alumina has a powerful tendency to unite with 
organic matter ; if acetate of alumina be brought into 
contact with cotton cloth the salt will be decomposed, 
the earth being deposited on the cotton^ and the add 
freed ; this property is extensively applied in calico- 
printing. It consists of two atoms of aluminum and 
three of oxygen, forming a sesquioxide ; it is recognised 
by its solution giving a precipitate with the alkaline, 
carbonates soluble in the caustic, and fixed alkalies. A 
solid containing alumina, if moistened with a little 
solution of nitrate of cobalt, tinges the flame of the 
blow*pipe of a beautiful blue colour. 

OLUCINUM, YTTHIUM, THORIUM, ZIRCONIUM, CERIUlf, 

LANTHANUM* 

These metals are obtained from very rare minerals, 
and in small quantities ; they are not used in the arts, 
and* are, therefore, comparatively unimportant. Gluei" 
num is obtained from the beryl ; glucina, its compound 
with oxygen, is a tasteless and inodorous earth; its 
salts have a remarkably sweet taste — hence its name 
(yXvJcvc) sweet) ; the metal may be prepared from its 
chloride in the same way as magnesium and aluminum. 
Yttria, the oxide of yttrium, exists in some rare Swedish 
minerals, and has been found in the Bohemian garnet. 
Thoriat the oxide or earth of thorium, is found in two 
minerals of great rarity ; it is the heaviest of the earths. 
Zirconia, the earth or oxide of Zirconium, is found in 
the hyacinth and zircon, two rare minerals ; it resembles 
alumina in its properties, and, in some respects, silica, 
appearing to form a link between the metallic and non- 
metallic bodies. Cerium and Lantkanufn are always 
associated together in nature, and have only recently been 
distinguished from each other; the latter received its 
name from having existed undiscovered in the oxide of 
cerium (Xavdano, to lie kid) ; it is not yet satisfactorily 
known. 
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MAKOANBSB (Mil.) 

Tracbs of this metal are found in the animal and 
vegetable kingdoms, and it is extensively diffused through 
nature, though not in large quantities. To obtain it, the 
oxide in fine powder is mixed with lamp-black and oil 
into a mass, and exposed in a covered crucible, lined 
with clay and charcoal-powder, for two hours to a strong 
heat; a button of the metal will be found in -the mass. 
It is a greyish white, granular, brittle, very infu- 
sible metal, of sp. gr. 8*013 ; when exposed §ot some 
time to the air it forms a black powder, oxide of man- 
ganese ; it decomposes water very slowly, and dissolves 
rapidly in dilute sulphuric acid, forming sulphate of the 
protoxide with evolution of hydrogen ; it forms five com- 
pounds with oxygen — the protoxide (Mn. 0.), sesquioxide 
(Mn^ Os.). peroxide (Mn. 0,.), manganic acid (Mn. Os.), 
and permanganic acid (Mug. O7.), and, in addition, the 
red oxide and varvicite, two complex oxides. The dif- 
ferent compounds of manganese are obtained firom the 
native peroxide, fireed from oxide of iron by solution in 
muriatic acid and evaporating to dryness. In this pro- 
cess chloride of Mn. and perchloride of iron are formed, 
from which, when heated to redness, the perchloride is 
partly expelled in vapour and partly decomposed; by 
treating the mass with water a solution of protochloride 
of Mn. is obtained and insoluble oxide of iron. Protoxide 
of Mn. may be prepared by adding a caustic alkali to a 
solution of protochloride of Mn. ; white hydrated pro- 
toxide of Mn. will be precipitated ; this is rapidly con- 
verted into red oxide by exposure to air; the higher 
oxides are reduced to protoxide by exposure to a red 
heat in a stream of hydrogen. This oxide is greyish- 
green ; it forms salts with acids, in some cases, as with 
SO 2. evolving much heat. Seaquiaxide of Mn, is found 
native in the minerals brannite and manganite, and it 
may also be obtained artificially ; it combines with acids, 
forming salts of a deep red colomr ; this oxide stains 
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glass of a purple or violet colour. Peroxide of Mil, or 
Idack oxide, is the most frequent form of Mn. ; it exists 
native under a variety of aspects. The mineral pyrokr 
nite consists of Mn^. in a pure and crystaline state, and 
in combination with one atom of water Mn. constitutes 
the mineral wad. Mn^. may be prepared by decompos- 
ing the protochloride of Mn. by solution of chloride of 
lime— chloride of calcium and Mn ^ being formed ; it is 
black, and when exposed to heat is converted first iikto 
loMjuioxide, and then into red oxide ; it does not unite 
with acids or alkalies; when heated with SO,, or HC. 
it is decomposed, as in the preparation of oxygen (m a 
large scale, and chlorine ; it is used in the manu&cture 
of glass. The Mn. 0^. of commerce is never pure^ being 
mixed with carbonates of lime and barytes, and peroxide 
of iron : there are several ways of ascertaining the amount 
of pure peroxide in any specimen ; the quantity varies 
from 60 to 70 per cent. Mn. O3. is formed by igniting a 
mixture of caustic potash^ or carbonate^ or nitrate of 
potash with Mn. 0^. the fused mass which is formed dis- 
solves in a small quantity of water, to which it gives a 
fine grass-green colour ; this colour gradually changes ; 
a brown powder is deposited, and the liquor is altered 
to a fine red. This substance got the name of mineral 
chameleon. The changes are owing to the formation of two 
distinct acids of Mn. The Mn. 0^. takes another atom 
of oxygen to form Muj. which combines with the pot- 
ash. When a solution of this salt is diluted with boiling 
water, hydrated Mn. 0^. precipitates, and a crimson solu- 
tion of permanganate of potash is formed. By treat- 
ing permanganate of barytes with sulphuric acid a crim- 
son solution of Mn^. 0. is obtained. It cannot be pro- 
cured solid, for when heated to 100° it is resolved into 
Mn. Oj. and oxygen. Mn. in a solid form gives a purple 
glass with borax under the action of the blow-pipe^ and 
a green one with carbonate of soda. 
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IRON (Fe.). 

This is the most extensirely distributed of the metals ; 
it exists in nature in various forms. Metallic iron is 
found in loose blocks on the surface of the earth, and ib 
yeins of mines in Rusna and America ; its most abuoid- 
ant source is the oxide, either pure, as black and mag- 
netic oxides, or led, or in combination with COs^ as in 
tiie efaij iron-stone, from which the iron of commerce is 
principally derived. Sulphurets of iron also exist in 
abundance, and arseniates, phosphates, sulphates, &c., . 
have been found. iSroliths, or meteoric stones, are 
found to consist of an alloy of iron, with nickel, chrome, 
and traces of other metals, covered with a glaze of earthy 
matter fi)rmed of certain minerals found in volcanic rocks. 
These bodies are supposed to have been expelled from 
volcanoes, which are known to exist in great numbers in 
the moon, and having passed beyond the limits of the 
moon's attraction, to have come within that of the earth's, 
and, therefore, gravitate towards its surface. 

Iron is obtained from the clay-iron stone,, by a process 
called smelting ; the ore consists of oxide more or less 
pure, with alumina and silica. As carbon does not 
deoxidize silica, except under very peculiar circum- 
stances, the metal cannot be prepared by merely deoxid- 
izing the oxide of the ore ; the decomposition of the sili- 
cate of iron is therefore effected by lime. The fuel (coal 
or coke) and the ore, mixed with limestone, are placed 
in the smelting furnace ; the COa. of the limestone is 
expelled by heat ; the lime when formed combines with 
the silicic acid, forming silicate of lime ; the oxide of iron 
being thus set free by the decomposition of the silicate of 
iron, is reduced by the carbon of the fuel, which ferms 
COg . The lime, silica, and alumina, fused together, fomi 
a substance of a nature between glass and porcelain, 
which floats on the surface of the melted metal, and con- 
stitutes the scoriae, or slags, of the iron furnace. The 
metal obtained in tiiis way is not pure, as cast-iron con- 
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sists of the metal in combination with carbon^ and is 
fusible, whereas the pure metal is almost infusible ; this 
carburet of iron is mixed with yariable quantities of sili- 
con and phosphorus, constituting^ according to their pro- 
portions, those varieties of the metal found in commerce. 
Cast-iron has a powerful tendency to crystalize in 
becoming solids and then expands with great force ; in 
this way it fills the smallest crevice of any mould into 
which it may be poured when in a fluid state. 

Pure or malleable iron is made from cast-iron^ by fusing 
it in a furnace exposed to a current of air ; by this process 
the carbon is expelled^ the iron becomes less fusible^ and 
finally forms a granular mass ; the heat being increased 
these grains agglutinate^ and when worked up into a 
ball^ are taken out of the furnace and subjected to great 
pressure^ by which the soft particles of pure iron are 
welded together, and the fluid cast-iron expelled, if any 
remain. The malleable iron is then passed through a 
succession of rollers, by which it is converted into a bar, 
such as is found in commerce. This bar of iron differs 
very widely from cast-iron ; it is sofl, flexible, ductile, 
and malleable, none of which characters apply to cast- 
iron ; it only becomes semifluid at the highest tempera- 
ture, and cannot therefore be run into moulds ; at a white 
heat it is of a doughy consistence, and several pieces of 
it may be kneaded into one by pressure ; this process is 
called weilding, Masses of iron, such as anchors, receive 
additional strength when formed in this way, by the 
welding of many small bars. 

The form of iron called steel is intermediate in consti- 
tution between cast and bar iron ; it cont^ns about V5 
per cent of carbon, and may be formed directly from the 
ore or from cast-iron, by adjusting the air and fuel in 
the furnace, so as to leave carbon enough to form steel. 
Steel may be obtained also by a process called cementa-- 
turn, which consists in exposing bars of iron imbedded 
in powdered charcoal to a red heat for some hours ; the 
carbon gradually penetrates the iron, and steel is formed ; 
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steel is harder and more fusible than pure iron ; this pecu- 
liar hardness is imparted to it when it has been suddenly 
cooled after heating it to redness ; it is then hard^ brittle^ 
and elastic^ and is thus fitted for the manufacture of cut- 
ting instruments, &c. Steel when cooled slowly is soft^ 
and the process of tempering consists in heating steel to 
a certain degree, and then allowing it to cool slowly. 

Iron and steel enjoy the peculiar property of becoming 
magnetic. This property was first discovered in an ore 
of iron found near the town of Magnesia in Asia Minor^ 
hence the name magnetism. The native loadstone is an 
oxide of iron ; it has the power to attract pieces of iron 
and steel, which^ while in contact with it^ are capable of 
attracting other pieces ; when detached, iron loses its 
magnetic property^ steel retains it, and in this way arti- 
ficial magnets are obtained. 

Pure iron of a bluish white colour^ malleable, ductile, 
and very brilliant : it is the strongest metal ; its sp. gr. 
7*8 ; intensely heated it becomes pasty and may be 
welded, a property which is participated in only by 
platina and sodium. When exposed in a mass to dry 
air it does not oxidize, but if exposed in a state of minute 
division to a gentle heat, it bums, forming peroxide of 
iron ; when strongly heated in oxygen gas, it bums with 
great brilliancy, forming globules of black oxide of iron ; 
if an acid be present iron will decompose water, forming 
oxide of iron, which imites with the acid to form a salt 
of iron ; hence the rapid corrosion of iron in damp air, 
rust being a carbonate of iron. Iron dissolves in dilute 
sulphuric acid, with evolution of hydrogen, and at a red 
heat it decomposes water by abstracting its oxygen. 

Iron, after being submitted to certain processes, ac- 
quires the property of becoming passive, that is to say, 
it loses all tendency to unite with oxygen ; does not 
rust nor dissolve in acids, &;c. This property is not 
peculiar to iron. Iron combines with oxygen in two 
proportions, forming a protoxide and a sesquioxide, and 
these unite again to form complex oxides, the black or 
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magnetic oxides. Protoxide of iron cannot be obtained 
in a dry state, from the rapidity with which it absorbs 
oxygen ; it forms the basis of the protosalts of iron, from 
whose solutions it is precipitated as a white hydrate, 
which soon turns green, and finally red, from absorption 
of oxygen ; it exists native in the carbonate of iron and 
in all chalybeate springs. Peroxide of iron exists largely 
in nature ; it constitutes the Elba iron ore, and in a hy- 
drated state the hematite; it forms the red or yellow 
colouring matter of clay and the ochres. The protocar- 
bonate of iron first formed is gradually converted into 
peroxide, by attracting more oxygen and liberating CO^. ; 
the ochreous deposit on the margin of chalybeate springs 
is formed in the same way. The peroxide may be pre- 
cipitated from a solution of any of its salts by a caustic 
or carbonated alkali ; if carbonated, the CO^. is given off, 
as the peroxide does not combine with it ; it combines 
with acids to form salts, which are all acid, and are 
easily decomposed. The magnetic oxide of iron is a 
complex oxide; its formula is Fe. 0. -|- Fe^. O3.; it 
may be foimed artificially, and constitutes the scales 
produced by the repeated heating and hanmaering to 
which iron is subjected : it is also produced, in other cases, 
when iron is oxidised at a high temperature. Iron has 
a remarkable affinity for sulphur, and combines with 
it in several proportions. The protosulphn/ret may be . 
formed by rubbing a stick of sulphur on a rod of iron 
heated to whiteness ; the sulphuret ^Is in drops from 
the rod. It may also be prepared by exposing a mix- 
ture of iron filings and sulphur in a crucible to a bright 
red heat. This substance dissolves in dilute acids, evolv- 
ing sulphuretted hydrogen, and forming a salt of prot- 
oxide of iron ; it exists sparingly in nature, and is dan- 
gerous, as sufficient heat is evolved, by its rapid absorp- 
tion of oxygen when in the moist state, to set on fire 
the beds of coal near which it is sometimes foimd ; in 
this case a protosulphate of iron is formed. The sesqni- 
e!ulphuret (Fog. S3.) corresponds to the peroxide ; it may 
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be formed artificially^ but is instable in its constitution. 
The bistdphuret is found native in yerj large quantity^ 
and is called iron pyrites ; it is found in a variety of 
forms, the mo^ remarkable being wbere it assumes the 
shape of organic remains. The animal whose shape is 
simulated may be supposed to have died in water holding 
sulphate of iron^ the oxygen of which being attracted by 
hydrogen^ evolved during the organic decomposition, will 
have led to the fonnation of a deposit of bisulphuret. 
Of the magnetic sulphureta of iron the most remark- 
able is that which corresponds to the magnetic oxide; 
its formula being Fe3. O4. or Fe. S, + Fog. S3. ; it 
is found at Barege, and may be formed by exposing bi- 
er sesqui-sulphuret to a red heat in close vessels. Sele- 
niuret and phosphuret of iron exist, the latter generally 
in small quantity in cast-iron. Iron may exist in solu- 
tion, either as protoxide, black oxide, or peroxide ; and, 
as its detection is easier in the last condition, it may be 
converted into peroxide by boiling the solution to be 
examined with a few drops of nitric acid. A solution 
containing peroxide forms with water of ammonia a 
reddish brown precipitate of hydrated peroxide; with 
yellow prussiate of potash prussian blue; with sulpho- 
cyanide of potasaum a deep blood red colour, without pre- 
cipitate ; with tannin or tincture of galls a deep violet 
or black ; with sulphuret of hydrogen the separation of 
a deposit of pure sulphur takes place ; and with hydro- 
sulphuret of ammonia a black precipitate of sesqui- 
sulphuret of iron is produced* The red prussiate of 
potash forms Prussian blue with the protoxide, but not 
with the peroxide. 

NICKEL (Ni.). 

This metal was discovered in a mineral supposed 
to contain copper, which was called 'Kupfer Nickel^ or 
decatful copper, by the German miners. This mineral 
was found to be a combination of arsenic with a metal 
which retained the name of nickel. The metal is ob- 
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tained by a circuitous process from the arseniuret^ in the 
form of a very light sponge, of a silvery white colour, 
and more fusible than cast-iron ; it does not rust on ex- 
posure to damp air ; its sp. gr. is about 8*5 ; it is nearly 
as magnetic as iron, and retains its magnetism; its 
lustre is permanent, and its alloys are white and bril- 
liant ; added to brass in the proportion of one to five, it 
is used as a substitute for sflver, constituting the Ger- 
man silver, nickel silver, argentine, and British plate^ 
and also a metallic alloy, long known in China, called 
"packfong." Nickel combines with oxygen, forming 
protoxide and peroxide ; it also forms compounds with 
sulphur, selenium, and phosphorus. Solutions of the 
compounds of nickel give with ammonia a green precipi- 
tate, which dissolves in excess of ammonia, forming a 
blue solution ; yellow prussiate of potash forms with 
nickel solutions a white precipitate ; they are not preci- 
pitated by sulphuretted hydrogen, and give a black sul- 
phuret with hydiOBulphuret of ammonia. 

COBALT (Co.). 

Thb miners of the middle ages having been disappointed 
in their expectations of a large produce from the ores of 
Cobalt, these having resisted all known means of extract- 
ing metal from them, regarded the mineral as under the 
protection of the Kobolds, or genii of the mines. The 
metal subsequently obtained from these refractory ores 
was termed cobalt ; it exists in combination with arsenic 
and sulphur, and is always associated with nickel, from 
which it is separated with great difficulty, owing to the 
close resemblance in properties which they bear to each 
other. The metal is obtained from the native arseniuret ; 
an impure oxide of cobalt is produced, known in commerce 
by the name of zaffre ; the oxalate of cobalt prepared 
from this, whto ignited, yields carbonic acid and me- 
tallic cobalt in a spongy form ; it is reddish gray, more 
fusible than cast-iron ; sp. gr. 8*5 ; and is not magnetic. 
Cobalt forms with oxygen two compounds — a protoxide 
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and sesquioxide ; it is recognised in solution by giving a 
blue precipitate with water of ammonia, which is re- 
dissolved in an excess of ammonia, forming a fine rose- 
coloured liquor which, if nickel be present, is brownish 
red. Cobalt has the remaikable property of colouring 
^asB blue ; the smallest particle of the metal may be 
detected in this way by the blow-pipe. Glass coloured 
deep blue by cobalt and ground to fine powder is em- 
ployed to give to linen asid to writing-paper a delicate 
shade of blue; the blue stains on porcelain and delft are 
imparted by cobalt ; a pigment of alumina coloured by 
eobcdt, called cobalt blue, is used as a substitute for 
ultramarine. The blue colours of cobalt are destroyed 
if brought into contact with chlorine or oxygen, black 
sesquioxide being formed. 

ziKc (Zn.). 

This metal is feund in considerable quantity in na- 
ture^ either combined with sulphur, forming sulphuret 
of zinc (zinc blende), or with carbonic or silicic acid 
forming tiie two kinds of codamine. From the volatility 
of the metal its reduction is conducted in crucibles or 
earthem retorts. The metal is first converted into va- 
pour and condenses upon cooling. Zinc so obtained con- 
tains traces of carbon, iron, cadmium, and often arsenic ; 
from these it is purified by distillation. It is a brilliant 
bluish white metal, of a crystaline texture, and of vari- 
able t^iacity at different temperatures ; it melts at 77 S"*^ 
and is volatilized at a full red heat ; its vapour bums 
with a splendid white flame, forming clouds of oxide of 
zinc, which, firom their lightness, were called by the older 
chemists lana phUosophica (philosophers' wool). When 
exposed to even a moist atmosphere zinc is not oxidized 
beyond the surfiuse, which becomes covered with a grey 
suboxide (?) not altered in the air ; and it is on this 
account converted to many uses in domestic economy. 
In a galvanic circuit of two metals zinc is almost always 
positive, and prevents the corrosion of the other metaL 
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Pure zinc is little acted upon by acids ; the ready solu- 
tion in acids of common zinc is attributable to the pre- 
sence of other metals. 

The protoxide of zinc is the only oxide of the metal 
accurately known ; it is formed when zinc is burned in 
air or oxygen, or when it is oxidized by decomposition of 
water ; it may be prepared by decomposing a solution of 
sulphate of zinc : by carbonate of soda carbonate of zinc 
is precipitated, from which, when heated to redness, the 
carbonic acid is expelled, and pure oxide of zinc remains. 
The Zn. 0. is a powerful base, neutralizes the strongest 
acids, and forms well-defined and characteristic salts. 
In solutions of the salts of zinc the caustic alkalies pro- 
duce bulky white precipitates (protoxide), soluble in an 
excess of the alkali ; hydrosulpburet of ammonia forms 
a white precipitate of hydrated sulphuret of zinc. The 
native sidphuret of zinc is a protosulphuret, and is found 
in a crystaline state of a variety of colours ; it may be 
formed by fusing zinc and sulphur together. 

CADMIUM (Cd.). 

This metal is found in small quantity associated with 
zinc ; it is rare and of recent discovery ; it is obtained 
from ores of zinc, and is of a white colour like tin, more 
fusible and volatile than zinc ; its sp. gr. is 8*69 ; it dis- 
solves very slowly in dilute SOs., and rapidly in dilute 
NOj. ; it forms with oxygen a protoxide, whose salts re- 
semble those of zinc, from which they are known by giv- 
ing with sulphuretted hydrogen a fine yellow precipitate. 
A native sulphuret of cadmium is found near Greenock. 

TIN (Sn. from the Latin name Stannum). 

This metal was extensively known in very early 
times ; for, before the working of iron, instruments of 
bronze (an alloy of tin and copper) were in use. The 
chief source of tin are the mines of Cornwall, which 
were known to the Phoenicians ; it is also brought from 
Mexico and the East Indies. The usual ore of tin is 
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the natiye peroxide, from which it is easily reduced by 
smelting with the fuel ; it is prepared by a process called 
liqtuxHan, which consists in gently heating the masses 
or '• pigs" of tin until they begm to fuse, when the 
purer tin melts out : this is cxJUedi grain tifij the residual 
mass block tin. Pure tin is white like silver, brilliant, 
and in malleability ranks after gold, silver, and copper ; 
it is soft, easily bent, and has little tenacity ; its sp. gr. 
is 7*3 ; it melts at 442^, being one of the most fusible of 
the metals ; it oxidizes very slowly in' contact with air 
and water, hence it is used for coating the surface of 
mcMre oxidable metals. Tin unites with oxygen in three 
proportions. Protoxide of tin is thrown down as a hy- 
drate when water of ammonia is added to a solution of 
protochloride of tin ; when this hydrated oxide is heated 
in a retort filled with carbonic acid, its water is given off, 
and pure protoxide lemains as a heavy black powder. 
Salts of tin may be formed by treating the hydrated oxide 
with acids. I^toxide of tin is remarkable for its ten- 
dency to combine with more oxygen, and by adding a 
solution of a protosalt of tin to a solution of any less 
oxidable metal, the latter will be reduced to its metallic 
state ; salts of mercury, tin, gold, and platina, may be 
reduced in this way. The seaquioxide of tin is a combi- 
nation of two atoms of tin with three of oxygen. Per- 
oxide of tin^ or stannic acid (Sn. Og.), is produced in 
all cases where tin is allowed to combine freely with 
oxygen ; it constitutes the common ore, tinstone ; it is 
readily prepared by acting on the metal in foil or powder 
with nitric acid, by which is produced a white hydrated 
peroxide, converted into a* pale yellow peroxide when 
the water is expelled by ignition. There are three sul- 
phurets of tin corresponding to the oxides ; the protom^ 
phuret is precipitated as a brown powder, by adding sul- 
phuret of hydrogen to a solution of protochloride of tin ; 
the Beaquisidphuret is unimportant ; the Matdphuret (Sn. 
S,.) may be prepared by decomposing a solution of per- 
chloride of tin by sulphuretted hydrogen. The precipi- 

L 2 
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tate Sn. So. is of a golden yellow colour^ and is a strong 
sulphur acid. It may be prepared in the dry way, in 
which it has a peculiar interest, from its femiing mo9aie 
ffold, the discovery of which confirmed the alchemists in 
their belief of the possibility of transmuting metals. 
Tin is recognised by the hydrosulphuret of ammonia^ a 
golden yellow precipitate with solutions of the peroxide, 
and a brown one with those of the protoxide. 

CHBOMiuM or CHBOMB (Cr. fbm x|Mtf/ia yellow). 

This metal exists as chromic acid combined with lead 
or copper in some rare minerals, and in abundance as 
chromic oxide in chrome-iron ore, from which chromate 
of potash is prepared. The metal is obtained by expos- 
ing a mixture of the oxide, lampblack and oil, to an 
intense heat, in a crucible lined with charcoal It is of a 
greyish white colour, veiy infusible and brittle ; sp. gr. 
6'9 ; it is not acted upon by dilute sulphuric or muriatic 
acid, but dissolves in hydrofluoric with evolution of hy^- 
drogen ; it combines with oxygen forming an oxide, Qr^, 
O3. and an acid ; the oxide may be prepared in a variety 
of ways, and forms the basis of an extensive class of salts. 

Chromic (icid (Cr. O3.), is obtained by treating a solu- 
tion of bichromate of potash with hy(hrofluosilicic acid 
gas ; it forms with bases several important classes of salts, 
which are isomorphous with sulphates and manganates ; 
its salts are coloured generally yellow, orange, or red. 
Chromium is distinguished by the remarkable colours of 
its compounds in solution, and by its oxide giving a green 
precipitate with the alkalies; Cr. O3. is known by its 
producing with salts of lead a yellow, and with salts of 
black oxide of mercury an orange precipitate ; Cr. imparts 
to glass a beautiful green colour, and is extensively used 
in staining glass and porcelain ; many of its salts are 
employed as pigments and dyes. 
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VANADIUM (V.)« 

This metal derives its name from a Scandinavian 
deity ; it is found as vanadic add in vanadiate of lead, 
a very rare mineral. The formula of this acid is VO3. ; 
it resembles the chromic ^d manganic acids ; the metal 
has been isolated, but nothing positive is known of its 
properties. 

TUNOSTEN (symbol W. from the Grerman name Wolfram), 

FouNn in combination with oxygen as tungstic add in 
native tungstates of lime and iron^ by boiling which in 
strong muriatic add, the lime is taken away^ and the 
WO 3 . remains as a yellow powder. Tungsten is reduced 
to the metallic state by exposing its oxides to a current 
of hydrogen at a frill red heat. The metal resembles 
iron in appearance ; its sp. gr. is about 17*5. Tungsten 
has the singular property of forming a substance nearly 
similar in appearance to gold; it is prepared by adding 
to fused tungstateof soda as much tungstic acid as.it will 
dissolve^ and exposing the product at a full red heat to a 
current of hydrogen ; when the residual tungstate of soda 
IB dissolved out, the new compound, which consists of 
one atom of soda and two of tungstic oxide (Na. 0. + 
2 WO^.), is obtained in scales and cubes of a splendid 
gold colour ; these resist the aotion of adds and alkalies^ 
and even of nitro-muriatic add, in which gold is soluble, 
and it yields only to strong hydrofluoric acid. 

MOLYBDENUM (Mo.}> 

Found in combination with sulphur and with oxygen 
in some minerals ; it is a white metal ; sp. gr. S*6 ; acted 
on only by strong nitric and sulphuric acids> and by 
aquare^» 

OSMIUM (Os.) 

Exists as an alloy of iridium^ and is found in the 
ores of platinum, from which it is separated by a trouble-^ 
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some process. It forms a highly yolatile oxide of a most 
penetrating odour; from this property is derived its 
name (ovfiri odour). The metal is reduced from the 
oxide in the shape of a black powder^ which, by heat and 
compression, is rendered coherent and white. Os. com- 
bines with oxygen in three proportions. 

COLUMBIUM or TANTALUM^ 

Found originally in an American mineral ; &om the 
difficulty of its extraction called tantalum ; it is a black 
powder, which appears iron>grey when burnished. Hy- 
drofluoric is the only acid that appears to have an action 
upon it ; tantalum and silicon are nearly similar in che- 
mical properties. 

TITANIUM (Ti.) 

Exists in a vast variety of minerals, though not in 
large quantities ; when reduced from its native oxide 
(titanic acid) it is of a bright copper colour, and almost in- 
fusible. Titanium exists in most of the clay ironnstone, 
and, being reduced in the smelting of the iron, is found in 
the slags, in cubes of great hardness and brilliancy ; sp. 
gr. 5*3 ; it is acted upon only by a mixture of nitric and 
hydrofluoric acid. Titanic acid (Ti. O^.) constitutes the 
mineral rutUe, and is also found in the mineral anaiaH% 
and more abundantly in titanic iron (ilmenite)^ the for- 
mula of which is Fe, 0. Ti. Og. 

ARSENIC (As.). 

This metal exists in nature in considerable quan- 
tity, and in a variety of forms. It is found native^ but 
more generally in combination with nickel, cobalt, and 
iron; with sulphur it forms the native orpiment and 
realgar ; and as arsenic acid it exists in the native ar- 
seniates of lime, iron, lead, &c. Arsenic is chiefly 
obtained in the roasting of cobalt ores; arsenious acid 
being formed, is carried, by the current of hot air that 
passes over the ignited ore, into a series of laige chambers, 
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where it is deposited on the walls and floors in the form 
of a fine greyish powder. This powder is resublimed to 
&ee it from oxides of other metals which discolour it^ and 
is deposited in a vitreous mass. The best method of 
obtaining the metal from arsenious acid, is by heating it 
to redness, mixed with three times its weight of black 
flux*, in a crucible or earthenware retort. In using a 
crucible another cold crucible is inverted over it, in 
which the metal condenses; but it is deposited in the 
neck of a retort as a mass of rhombohedrons. It is a 
brittle metal ; sp. gr. 5*96 ; sublimes at 856**, without 
previously melting ; its vapour in contact with air has a 
garlic odour, which is not that of the metal, but of an 
oxide formed by a certain degree of combustion which 
occurs. 

Exposed to the air, arsenic gradually falls into a grey 
powder of sub-oxide (fly powder) ; it is rapidly oxid- 
ized by nitric acid, and in melted nitre deflagrates vio- 
lently ; in fine powder it bums when thrown into chlo- 
rine, with a brilliant white flame ; heated in oxygen it 
acts similarly : it combines with oxygen in three pro- 
portions, forming a sub-oxide (the composition of which 
has not been defined) and two oxides, araenioua add 
(As. 0,.) and arsenic add (As. O^.). 

ArseniotLS add^ or white arsenic^ is found in commerce in 
milk-white opaque masses, which are colourless and trans- 
parent if recently sublimed, or the surface of the mass may 
be opaque, while the inner portions are transparent. In 
these different conditions. As. O3. has a diflerent density 
and solubility; the transparent acid is of sp. gr. 3*74; 
100 parts of boiling water dissolve 9*68 parts of it ; the 
opaque acid is of sp. gr. 3*69 ; 100 parts of boiling water 

* Prepared by deflagrating together equal parts of nitre and cream 
of tartar. The nitrogen and oxygen of the' nitrate of potash, unite 
with the carbon and hydrogen of the bitartrate of potash, forming 
carbonic acid, hydrogen, and water ; the potash of both, and carbo- 
nate of potash, remain mixed with the excess of carbon which had 
escaped combustion. 
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dissolve 1 1*47 of it ; a solution of the tianspaieiit has an 
acid reaction on litmiu paper, that of the opaque a £eeble 
alkaline reaction. The taste of As. O3. is slightly sweet, 
leaving an acrid sensation on the palate ; it sublimes at 
380'' without previously melting; slowly sublimed it 
condenses in exceedingly brilliant regular octohedrons; 
it is dissolved in large quantity by liquid muxiatic add, 
crystalizing from the sidution in octohedrons. If the 
transparent acid be employed in this solution, the forma- 
tion of each crystal is accompanied by a flash of li^t ; 
those crystals are found to be opaque, and the evolution 
of light is probably owing to the alteration in the aizange- 
ment of particles, which takes fdace in the formation of 
opaque crystals from the transparent acid. Arsenious 
acid is that compound of the metal which^ for its highly 
poisonous qualities, has been so often used to destroy 
life. The mode of detecting it is briefly as follows : in 
the first place« the vessels which have held the fluid 
in which the arsenic has been administered must be 
accurately examined, as the arsenious acid being a heavy 
and sparingly soluble powder, may have iallai to the 
bottom ; any substance ejected from the stomach by vo- 
miting, and, in case of death, the contents and mucous 
coat of the stomach must also be carefully examined. If 
this examination takes place some time ailer death, the 
particles of arsenious acid which adhere to the mucous 
coat are tinged yellow by the sulphuret of hydrogen 
evolved during decomposition of the body. If the pow- 
der of arsenious acid has been discovesedf its properties 
will be found to be as follow : 

When heated by itself in a glass tube the powder 
sublimes, and is condensed on the sides of the tube in 
brilliant minute octohedrons. When mixed with a 
little black flux, and ignited in a tube closed at one end, 
metallic arsenic sublimes, forming a steel-grey crust, bril* 
liant on the side next the glass, dull and crystaline on 
the inner aspect ; a garlic odour is perceptible at the open 
end of the tube : on cutting off the closed end of the tube. 
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and beating the part contamihg tibe metallio deposit^ the 
tube being inclined a little^ the metal is yaporised, and 
arseniouB add is deposited a little higher up ; the metal 
having combined with the oxygen of the air passing 
thxou^ the tube, the garlic odour is more decided in this 
ease than in the preee&ig. 

The white powder of As. O3. dissolves in water^ and 
gives precipitates with the following : 

With mdpkuretted hydrogen, a rich yellow precipitate 
(opiment)^ soluble in ammonia^ and precipitated on the 
addition of an acid. 

With aanmoniornitrate of sUver^ a canary yellow 
(arsemte of sUver) ; this is a very delicate test, but 
excess of ammonia or of acids must be avoided as the 
proeipitate is sduble in either. 

With ammomthstdphate of copper, a fine apple-green, 
salable in excess of ammonia or of acid. 

The &llacy to which these re-agents are liable may 
be corrected by attending to the following facts : 

Stdpkuretted hydrogen ^ves precipitates more or less 
like that of arsenic with cadmium^ persalts of tin, anti- 
mony^ and persalts of iron. The precipitate from cad- 
mium is not soluble in water of ammonia. The precipitate 
from tin^ when dried and ignited with Hack flux^ gives 
no metallic sublimate. The precipitate from antimony 
evinces the same property as tin^ and it dissolves in 
strong muriatic add ; tiie solution, when largely diluted, 
^ving a white precipitate. Sulphuret of antimony is much 
more orange-coloured than that of arsenic. The predpi- 
tate irom peisalt of iron is pure sulphur, which^ when 
heated* bums away, leaving no solid residue. 

With ammonior^Urate of silver phosphate of soda 
produces a yellow precipitate of tribasic phosphate of 
silver, exactly like the arsenite ; it is much more soluble 
in ammonia, however^ and they are at once distinguished 
by beii^ collected and ignited; the arsenite gives off 
oxygen and arsenious acid, metallic silver remaining, 
whilst the phoiq[4iate gives no volatile product* 
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With the ammonia-ttdphate of copper the arsenic pre-* 
cipitate is uncertain^ unless the metal be reduced fivm 
it, as there are many basic compounds of copper which 
bear a close resemblance to it in colour. In all these 
cases reduction of the metal is the only positive test, 
and this becomes still more important when the fluid 
under examination is complicated with the contents of 
the stomach and intestines, in which case the arsenic 
must be converted into sulphuret, or into arseniuret of 
hydrogen. For the conversion into sulphuret the follow- 
ing is the process : The contents of the stomach and 
small intestines, or the matter vomited during life, are 
to be boiled in distilled water for half an hour, and the 
liquor then strained through a linen cloth. If the fluid 
be too thick to allow of the separation of a small quan- 
tity of precipitate, a current of chlorine gas is to be 
passed through it, by which fnost of the animal matter 
in solution is coagulated ; the fluid, being strained again, 
is to be well boiled to expel the excess of chlorine, and 
then exposed to the action of a current of sulphuretted 
hydrogen gas. 

The removal of animal matter may also be efiected by 
acidifying the fluid with nitric acid, and then adding an 
excess of nitrate of silver ; when the precipitate has been 
separated the excess of silver is to be thrown down by 
adding some solution of common salt, and the liquor, 
being Altered, is flt for the action of the sulphuretted hy- 
drogen. When the liquor smells strongly of this gas 
there has been enough passed through, and it is to be 
boiled for a few minutes to expel the excess and assist 
the deposition of a precipitate, which is to be collected 
carefully on a filter, and, being washed with water, aci- 
dulated by muriatic acid, is to be dried at a moderate 
heat ; when quite dry it is to be ignited, mixed with 
about twice its weight of black flux in a hard glass tube, 
closed at one end, when, if arsenic be present, it sublimes 
in the metallic form. Care must be taken not to soil the 
sides of the tube in introducing the materials. 
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The basis of Marsh's process is the formation of arse- 
niuretted hydrogen^ which is effected as follows : — The 
liquor having been freed from organic matter in the 
manner just stated, is rendered moderately acid by 
muriatic or sulphuric acid, and poured into a flask or 
bottles to the neck of which is adapted a narrow tube of 
hard glass^ which, after passing horizontally for a few 
inches, turns up and forms a narrow orifice ; a piece of 
zinc being placed in the fluid, hydrogen is evolved^ which 
combines with any arsenic present, Arming arseniuretted 
hydrogen gas, which passes off through the glass tube. 
When the jet of gas is ignited^ if hydrogen alone be 
present, water is formed ; but if a trace of arsenic exist 
the flame is whitish, and, on holding over it a piece of 
glass, a deposit is formed either of white arsenious acid, 
or of brown metallic arsenic, according to the height at 
which the glass is held over the flame. If the quantity 
of arsenic be too small to produce this effect it may be 
detected by igniting a portion of the horizontal arm of the 
tube ; the arseniuretted hydrogen on passing this point 
will deposit its arsenic, which is carried by the current 
a little beyond the heated portion, and condenses in the 
metallic form ; the smallest trace of arsenic may be 
detected in this way, as the arm of the tube may be 
kept red hot for some hours. If the liquor be still too 
thick from organic matter in solution, the gas bubbles 
will not break, but form a froth which passes into the 
tube, and mars the process. In this case the fluid may, 
be so slightly acidulated as to cause a very slow evolu- 
tion of hydrogen, and the tube^ instead of terminating in 
a jet^ is to be bent down so as to pass under the. edge 
of a jar in the pneimiatic trough, by which means the 
gas may be collected and examined ; or the tube may 
dip under the surface of a dilute solution of nitrate of 
silver, or of sulphate of copper, by which the arseniu- 
retted hydrogen is absorbed and decomposed, metallic 
arseniurets being formed, which may be reduced to the 
metallic state by the application of heat. 
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In conducting this process certain precautions must be 
taken. If the effervescence be rapid, it often happon 
that yery minute portions of zinc or of the salt of zinc 
formed, are carried up, and being deposited on the plate 
simulate the appearance of arsenic This is avoided by 
moderating the effervescence, or by passing the gas 
through a tube filled loosely with cotton, which arrests 
any mechanically diffused particles. Another source of 
error is the existence of arsenic in most of the zinc of 
commerce, and in sulphuric acid also. The purity of 
these substances should, therefoie, be tested, by burning 
a jet of the hydrogen evolved by the action of the zinc and 
dilute acid simply, or passing it through a solution of am- 
monia-nitrate of silver for a quarter of an hour, when, if 
no trace of arsenic be detected, the suspected liquor may 
be added. Another source of error may arise ^m the 
compounds of antimony giving, under similar circom- 
stances, a similar gas, — antimonitiret of hydrogen, ThiB 
is distinguished firom the arseniuretted gas by precijntat^ 
ing the salts of mercury, and of most metals, but not of 
copper, by depositing the metal at the heated part when 
a point of the tube through which it passes is heated to 
redness, whereas arsenic is deposited beyond the heated 
part ; by the metallic crust not being volatilized at any 
temperature which can be applied to glass ; and by ^e 
oxidation of the metallic scide of antimony on the plate 
of glass, with the outer flame of the blow-pipe forming 
a yellow powder whilst hot, and white when cold, which 
is not volatilized by any further application of flame, 
whereas arsenic becomes oxidized during vaporizadon 
only. 

Arsenious acid possesses the property of preventing 
the putrefaction of animal substances, and, accordingly, 
the bodies of those poisoned by it do not quickly decom- 
pose. The As. Og. forms, with &tty and albuminous 
matter, compounds not 'alterable under ordinary circum- 
stances ; hence the preservation of the stomach and in- 
testines, though the rest of the body may have under* 
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gone complete decomposition. Instances of the entire 
body being preserred are fumished when the individual 
has lived sufficiently long after the administration of the 
poison to allow of Uie penneation of the arsenic through 
the tissues of the body generally^ and, accordingly^ when 
death has been the result of slow poisoning by repeated 
doses of the arsenious acid, the detection of arsenic 
through the entire body is rendered possible* A source of 
fallacy, however, may arise here from a resemblanee of 
function which exists between arsenic and phosphorus. 
The latter element is almost constantly present in anir 
mal tissues, and the fact of the possibility of its replace- 
ment by arsenic has been recently established, so that a 
decision upon this point is manifestly difficult. The quan- 
tity of arsenic found naturally existing in animal tissues 
is very small, but the bare &ct of its natural existence 
renders the certainty of its having been administered by 
no means conclusive when found in the body, as there is 
no- absolute limit to the amount of it that may exist 
naturally. The most reoantly-discovered antidote to 
arsenious add is the hydraiUd peroonde qf irmi. When 
this substance is made into a tiiin paste with solution of 
arsenious acid, arsenic acid and protoxide of iron are 
produced, which, uniting, form an arseniate of iron not 
hurtful to the system. In cases of poisoning, therefore* 
this hydrated peroxide should be quickly and {wofusely 
administered. It may be readily prepared by adding 
carbonate of soda to any salt of red oxide of iron, as 
permuriate, muriate or acetate tincture. When so pre* 
pared it need not be washed, as the muriate or acetate 
of soda will not mar its efficiency. 

The sulphuret of arsenic {King^s ydlow of commerce), 
if taken as a poison, may be detected by its solubility in 
ammonia, from which it is again precipitated by an ex- 
cess of any add. It is easily reduced. 

Arsenic acid (As. O5.) is obtained by boiling eight 
parts of arsenious acid mixed with two parts of strong 
muriatic acid in a retort, gradually adding tw^ty-four 
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parts of dilute nitric acid. When the mixture has been 
distilled to the consistence of a syrup it is to be trans- 
ferred to a platina dish, and^ when evaporated to dry- 
ness, white anhydrous arsenic acid is the residue* As. 
O5. dissolves slowly in water ; deliquesces in vessels not 
kept carefully closed ; it reddens litmus paper strongly^ 
and forms perfectly neutral salts with the alkalies ; at a 
high temperature it expels all the volatile acids^ even the 
Biuphuricj from their combinations. The compoonds of 
As. 0«. bear a close resemblance to those of phoqihone. 
As. Os. is precipitated golden yellow by sulphuretted 
hydrogen ; the precipitate dissolves in ammonia and in 
excess of sulphuretted hydrogen, so that, if the quantity 
of arsenic be small, the liquor should be well boiled to 
■how the precipitate. A solution of any arseniate gives, 
with nitrate of silver, brick red arseniate of silver ; an 
insoluhle arseniate, heated with charcoal powder^ in a 
glass tube, will give a sublimate of metallic arsenic. 

Arteniuret of hydrogen* — This substance is obtained 
in a gaseous state whenever nascent hydrogen comes 
into contact with metallic arsenic ; as when an alloy of 
equal parts of zinc and arsenic is dissolved in dilute 
Biidphuric acid, the hydrogen evolved combines with the 
arsenic. It is more eas3y prepared by immersing a 
piece of zinc in a solution of arsenious acid to which a 
little muriatic acid has been added ; the hydrogen first 
evolved combines with the oxygen of the arsenious acid, 
reducing it to the metallic state, when it is taken up by 
the next portion of hydrogen produced. 

Arseniuretted hydrogen is very poisonous; it bums 
with a brilliant white flame, water being formed, and 
arsenious acid, or arsenic, is deposited according to the 
amount of oxygen consumed by the flame; it is not 
absorbed by water ; it decomposes most metallic solu- 
tions, precipitating metallic arseniurets ; it is absorbed 
by dry sulphate of copper, water being evolved, and a 
blackish compound of sulphuric acid and arseniuret of 
copper being formed ; if a small portion of chloride of 
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mercury be heated in As. Hg. muriatic acid and arse- 
niuret of mercury are formed. The important property 
of being decomposed at a red heat has already been men- 
tioned. 

Sulphur and arsenic combine in several proportions. 
Native realgar is a bisulphuret of arsenic (As. Sj.) ; it 
is a ruby red crystaline mass. Yellow arsenic, or orpi- 
tnent, is a tersulpkuret of arsenic (As. S,.) ; it is a 
strong sulphur acid^ forming with bases sidpho-arsenites, 
Sulphuret of arsenic may be reduced by igniting it with 
black fiux^ when the metal sublimes* 

Persulphuret of arsenic (As. Ss.) is a strong sulphur 
acid, and forms with bases sulpho-arseniates ; it may be 
reduced by heating with black flux. sThe substance 
called Kings yellow, sold for killing flies, is properly 
made by boiling together lime, sulphur, and white arse- 
nic ; it generally consists of white arsenic coloured with 
sulphur ; it is a sulphuret of the metal. 

In the arts this metal is extensively employed. It is 
used to alloy the lead with which shot is made ; in the 
manu&cture of glass, to prevent the deoxidation of the 
oxide of lead ; and in certain processes of dyeing, orpiment 
is employed to render indigo soluble. 

ANTIMONY (Sb., from the Latin name Stibium), 

First employed as a medical agent by a monk named 
Basil Valentine, whose unpleasant experiments with 
certain compounds of the metal upon his brother monks 
obtained for it the name by which it is universally known. 
Jt is generally found as a native sulphuret, sometimes as 
an oxide, and occasionally as a mixture of both, forming 
the red antimonial ore (oxysidphurei). 

It may be obtained pure by fusing the sulphuret at a 
bright red heat with black flux ; sulphuret of potassium 
and oxide of antimony are formed, and the latter being 
decomposed by the carbon, carbonic oxide is evolved 
and metallic antimony remains. Antimony is a bril- 
liant white metal of a highly^crystaline fracture ; it may 
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be obtained crystaHaed in ibomb^edion by ftaioB; 
ks sp. gr. 18 6*8 ; it melts at about 800*, aad k telat- 
ilized at a white heat ; heated violentlj in aor, it boiM, 
forming a white powder of antimoniouB acid ( jtSotsinr* of 
antimony), Sb. takes fire in dilorine, bumiBg with a 
yellowish flame ; it combines with oxygen in three pn^ 
portions. 

Oxide of antimony is formed by adding earbonate of 
soda in excess to an acidulated boiling sdutioii of cyo* 
lide of antimony in water ; moiiate of soda is formed ; 
and, as carbonic acid does not combine wit^ oxide of aih* 
timony, this last is precipitated as a white powder, 
which becomes yellowish when heated* This oodde 
forms, with acids, salts of little stability ; but with tiie 
acid potash salts of the vegetable acidsy douUe salts of a 
remaricable character ; the most important of tliese is 
the potash, or potassio-tartmte of antimony (iaartsr 
emetic), Oxysulphuret of antimony (Sb. Os. -f S Sb. 
Tg.) may be prepared by roasting the native sulphivet 
in contact with air ; the sulphur is burned out as sul- 
phurous acid, and the antimony is oxidized. AnUmo^ 
niou, acid (Sb. 0.) is formed by ignitkig aotiHioiiy 
after it has been fireely oxidized either by oombttstion 
or by nitric acid ; it is not soluble in water ; not vola* 
tile, and combines with bases forming salts, from which 
it is thrown down as a hydmte by a stronger acid. 
Anfimonic add (Sb. O5.) is formed when antimony is 
oxidized by an excess of nitric acid : it is a pale y^ow 
red heat. Antimony combines with su^ur in three pro- 
portions; these compounds resemble its oxygen combi- 
nations; they are sulphur acids, and unite wi^ bases 
to form a powder changed into antimonioas acid by expo- 
sure to sulf^ur salts. 

Stdpkuret of antimony (Sb* S^.) tconstituteB Khe tionir 
mon grey ore of antimony ; native, it is<ef a 'dark giey 
colour, with a metallic lustre, of a crystalkie stmcture, 
and is easily reduotwl topowdfer; it may be^'precqpitiMMd 
from a solution of any salt of oo^e of antimMiy, as- tar- 
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tar emetic^ by the addition of sulphuretted hydrogen, in 
the shape of an orange-red powder, which, upon fusion, 
assumes the colour of the native sulphuret. Sulphuret 
of antimony is soluble in idkaline solutions ; when boiled 
in a strong solution of caustic potash it forms two salts^ 
one containing sulphur^ and the other oxygenj united to 
antimony and potash, the formula of which are Sb. S3. 
4- dKS. and Sb. O3. + dKO. ; when the solution cools, 
a decomposition takes place, and a quantity of sulphuret 
and of oxide of antimony mixed, precipitate ; according 
to Gray Lussac and Liebig, this is a chemical compound 
of the bodies named, and is an oxysulphuret ; ac- 
cording to Berzelius, it is merely a mechanical mix- 
ture; it is of a fine orange-brovm colour, varying in 
hue with the temperature ; it is popularly called kermes 
mineral^ £rom a supposed resemblance in colour to that 
given by the kermes insect. When the kermes mineral 
has precipitated, a further precipitation of the sulphur 
and oxygen salts may be caused by adding an acid in 
excess ; this is called the golden sulphuret of antimony ; 
when the acid has been added before the separation of 
the kermes, brown or orange sulphuret of antimony of 
the pharmacopoeias is formed. A method of preparing 
these substances, by fusing together the materials, has 
been introduced. Sulpho-antimonious acid (Sb. S^.) is 
formed as a yellow powder when solution of antimonious 
acid is decomposed by sulphuretted hydrogen. Stdpho^ 
antimonic add (Sb. S5.) is produced when a solution of 
antimonic acid in muriatic acid is treated with HS. ; 
it is a fine golden orange colour, and is the true golden 
suljphwret, Antimoniuretted hydrogen gas (Sb. H3.) is 
formed when hydrogen is evolved in contact with anti- 
mony in a state of minute division ; it may be obtained 
by dissolving zinc in dilute sulphuric acid, to which 
tartar emetic has been added; it bears a resemblance* 
in some respects, to arseniuretted hydrogen, from which 
it may be distinguished by the methods already detailed. 
In cases where tartar emetic may have become mixed 

M 



162 CHEMISTRY. 

with the substances suspected to contain arsenic, the 
metals may be separated by converting both into the 
gaseous hydrogen compounds^ and then heating to redness 
the tube through which they pass ; the antimony is depo^ 
sited close to the heated part, and the arsenic a little be< 
yond it. The existence of antimony in any substance is 
detected by its formation of arseniuretted hydrogen; 
the oxide in solution gives the orange precipitate with 
HS. ; the precipitates with HS. in other stages of oxida* 
tion are more yellow» and are not volatile, which tests dis- 
tinguish them from orpiment ; by producing the antimo-^ 
niuret of hydrogen they are known from the bisulphuret 
of tin, and from the bisulphuret of cadmium, by their 
solubility in hydro-sulphuret of ammonia. 

TELLURIUM (Tc,), 

One of the rarest of the metals, assimilating very 
closely in its properties to sulphur and selenium ; as a 
conductor of heat and electricity it is inferior to the other 
metals. Te. exists native, combined with a variety of 
metals, and its extraction from the ore is difficult ; it is 
a very brilliant metal, and silvery white ; and crystalizes 
in rhombohedrons ; is brittle and easily powdered ; sp. 
gr. 6*14; volatilizes at a high temperature, the vapour 
smelling like selenium ; heated in air, it bums with a 
blueish flame, forming tellurous acid. Te. combines with 
oxygen, forming tellurous (Te. Og.) and telluric (Te. O3.) 
acids; it unites with hydrogen, lonning telluret of hydro- 
gen, which resembles sulphuret of hydrogen, particularly 
in its odour; it combines with the metals producing 
compounds precisely analogous to sulphurets. 

URANIUM (U.) 

Exists combined with oxygen in peckbUnde and some 
other rare minerals, from which it is obtained by a com- 
plex process. U. is of a dark grey colour, difficult to 
fuse ; sp. gr. 9*0 ; it forms with oxygen a protoxide and 
a peroxide, the latter of which is used to colour glass of a 
lenum yellow. 
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COPPER (Cu.). 

This important metal is extensively diffused through 
nature ; it is found native in mines, often crystalized, and 
as arseniates, carbonates, 8lc, ; its most abundant source 
is the native sulphuret. Copper pyrites^ from which the 
metal is extracted, is a double sulphuret of copper and of 
iron. The reduction is conducted on the general pnnci- 
pie for reducing sulphurets ; but much care is necessary to 
separate it from iron, and to obtain it in a state fit for 
use in the arts. The metal is also obtained from the 
water which exists in copper mines ; from this it is col- 
lected by throwing in fh^gments of iron, upon which it 
precipitates in crystaline masses. Pure copper is of a 
peculiar reddish colour, is very malleable and ductile, and 
in hardness ranks next to iron ; by fusion it crystalizes in 
a form different to the native ore ; its sp. gr. is 8*9 ; it is 
fusible at 1976^, and is not volatile ; it is not tarnished in 
dry air, but in damp air becomes covered with a green coat 
of basic carbonate of copper ; heated in contact with air it 
rapidly attracts oxygen, and forms black oxide after pas- 
sing through a variety of colours. The acids generally 
do not act on copper at ordinary temperatures, unless in 
contact with air, as copper does not decompose water. 
At the point of contact with air oxygen is directly ab- 
sorbed, and the acid forms a salt with the oxide so 
formed ; in this way the acids contained in fatty sub- 
stances act upon copper; nitric acid acts upon copper, 
giving off nitric oxide, and boiling sulphuric acid forms 
with it sulphate of copper, with evolution of sulphurous 
acid gas. Copper unites with oxygen in two proportions, 
forming a suboxide and a protoxide. This last is formed 
by exposing copper at a red heat to a current of air, or 
by igniting the nitrate of copper. It is a black powder 
which may be melted at a very high temperature, and 
erystalizes on cooling ; it dissolves slowly in acids, form- 
ing the blue or green salts of copper ; heated below red- 
ness in a current of hydrogen it is reduced, its oxygen 

m2 
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combining with the hydrogen to form water ; at a dull 
red heat it is reduced by carbon and all its compounds^ 
carbonic acid being formed ; for this reason it ia used in 
the analysis of organic substances, the caihon of which 
it converts into CO^., and the hydrogen into water. 
Copper thus obtained is a fine pink-ied powder, haTing a 
powerful aHinity for oxygen. Protoxide is precipitated 
as a hydrate in fine blue powder, when a solution of 
caustic potash is added to a solution of a salt of copp^; 
this is decomposed by a very gentle heat. Subojode of 
eopi^er (Cu^. 0.) constitutes the ruby copper ore ; it may 
be prepared by igniting a mixture of five parts of blade 
oxide of copper and four of copper filings, half of the 
oxygen of the oxide unites with the metallic copper, and 
the whole is converted into suboxide ; this is a reddish- 
brown powder, less aifected by the action of moist air 
than pure copper, hence copper is coated with this sub- 
stance to preserve it ; the process for effecting this ccm- 
sists in covering the copper surface with red oxide of 
iron, which, when heated, is converted into protoxide ; 
this is removed by digestion in a boiling solution of 
acetate of copper. There are two sulphurets of copper ; 
both are found native, and may be prepared by fusing 
together sulphur and metallic copper. A thin slip of the 
metal bums in vapour of sulphur as iron does in oxygen. 
Sulphurets may be precipitated from the salts of copper 
by sulphuretted hydrogen. Copper is easily detected in 
solution ; the salts of the black oxide are usually green 
or blue, and on the addition of anunonia a blue or green 
precipitate is formed, according to the acid with which 
the oxide has been united, and in all cases a deep violet 
colour is produced by an excess of ammonia ; in this pro- 
perty nickel participates, but, independent of other mean^ 
of recognition, the yellow prussiate of potash produces 
with copper solutions a chocolate brown precipitate of 
percyanide of copper. Sulphuret of hydrogen throws 
down a dark-bror-n precipitate, insoluble in hydrosul- 
phuret of anunonia, and when a dean piece of zinc or 
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iron is placed in a coppery solution^ the copper is depo- 
sited on the zinc or iron in a metallic state. Salts of the 
suboxide give a white precipitate with ammonia^ but as 
these salts are converted into protoxide very speedily, the 
tests already mentioned are sufficient. The deep ruby- 
red of stained glass is imparted by copper, and its salts 
tinge the flame of the blow-pipe blue or green ; copper 
enters into the composition of a number of alloys. 
Bronze in 100 parts contains 90 parts of copper and 10 
of tin ; gun meted contains rather less tin ; heU metal 
consists of 80 parts of copper and 20 of tin ; Indian 
gongs are so constituted; common bells contain some 
zinc and lead, and less tin ; speculum meted, used for 
constructing mirrors in reflecting telescopes, is composed 
of two parts of copper and one of tin ; it is extremely 
hard and brittle, and when properly polished of great bril«- 
liancy. The different kinds of brctsa consist of alloys of 
zinc and copper in various proportions ; the best brass is 
formed of four chemical equivalents of copper to one of 
zinc ; the different varieties of counterfeit gold are formed 
by varying the proportions of the metals. Hard solder, 
used for connecting surfaces of brass and copper, consists 
of equal parts of zinc and copper. 

LBAD (Pb. from the Latin name Plumbum). 

This metal exists in a great many forms, and is ex- 
tensively diffused; sulphate, phosphate, arseniate, car- 
bonate, and chloride of lead are found ; but the lead of 
commerce is obtained from the native sulphuret (galena)* 
Lead is of a blueish white colour, very brilliant, but ra- 
pidly tarnishes on exposure to the air ; it is soft ; of little 
tenacity ; it melts at 612**, and in solidifying diminishes 
in volume ; by fusion it may be obtained in octohedrons ; 
it is not volatile, not sensibly acted upon by muriatic nor 
sulphuric acid, but is rapidly oxidized and dissolved by 
nitric acid ; its sp. gr. is 1 1*44. Lead is rapidly oxidized 
by exposure to air and moisture at the same time ; the 
oxide so formed is partially soluble in water, and water 
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contained in leaden cisterns may thus become impreg- 
nated with it ; spring and river waters^ however^ contain 
small quantities of saline mat;ter in solution, sulphates 
particularly^ which^ reacting upon the oxide of lead, form 
with it compounds insoluble in water ; thus, the whitish 
crust which forms on the surfaces of leaden cistams and 
pipes protects them from the oxidizing influence of the 
air. Lead forms a protoxide^ a peroxide, and an inter- 
mediate complex oxide. The protoxide (Pb. O.) is pre- 
pared by exposing metallic lead at a red heat to a cur- 
rent of air ; the oxide so formed fuses in cooling into a 
greenish-yellow coloured mass, the litharge of commerce 
which is generally obtained in the process for extracting 
silver from ores of lead ; litharge^ when kept for some 
time, breaks up into coarse powder, assuming a brick red 
colour, which is produced by a change in its crystaline 
form. The yellow pigment named massicot is litharge in 
the yellow form. Oxide of lead seems to have the pro- 
perty of uniting with the alkalies and earths to form 
compounds more or less soluble ; a compound of this 
nature, produced by boiling lime and Uthaige together, 
is used as a hair dye. The hair contains sulphur, which 
forms with the lead a black sulphuret. The hair so dyed, 
if detached from the head, will remain black for any length 
of time, and specimens are accordingly exposed in the win- 
dows of perfumers, &c. ; but if the hair be dyed while 
growing on the head, it is tolerably certain to be converted 
into an interesting purple after a short time, particulariy 
if the proprietor be a red-haired person. Pb. 0. is soluble 
in 12,000 parts of water; it is the only oxide of lead 
which combines with acids. Peroxide of lead (Pb. Og.) 
is produced by digesting protoxide in chlorine water, or 
in solution of chloride of lime : it does not form sidts. 
Red lead or minium (Pbg. 0^.) is produced when lead 
is oxidized without fusion of the oxide ; the red lead of 
commerce generally contains an excess of protoxide, 
T^iich may be removed by boiling in a solution of neutral 
acetate of lead. Red lead, when ignited, gives off oxy« 
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gen, and becomes protoxide ; it dissolves in nitric acid, 
forming a colourless solution, from which peroxide sepa<- 
zates. The existence of other oxides is probable. 

JPratostdpkuret of lead (Pb. S.]j which constitutes the 
galena of commerce^ is the only compound of lead and 
sulphur ; it may be prepared by fusing together lead and 
sulphur, or by adding sulphuretted hydrogen^ or hydro- 
Bulphiuet of ammonia, to a solution of a sdt of lead ; the 
precipitate is a black powder insoluble in water, in al- 
kalies and in dilute acids ; by the action of nitric acid, 
it is converted into sulphate of lead. Lead is recognised 
by its solutions ; giving with caustic potash a white pre- 
cipitate, soluble in excess ; with a carbonate of potash, 
a indiite one, not soluble in excess; with HS., the 
daik brown or black one already described ; with solu- 
tion of bichromate of potash, a fine yellow precipitate 
{chrome yellow); with iodide of potassium, a brilliant 
yeUow iodide of lead. Yellow prussiate of potash gives a 
white precipitate ; and sulphate of soda, a white sid- 
jdiate of lead, insoluble in water. Independent of the 
uses of pure lead, which are too well known to need de- 
scription, it forms important alloys. The metal of 
printers' types consists of three parts of lead to one of 
antimony ; inferior qualities of pewter are alloys of lead 
and tin ; the fine kinds contain some antimony and bis- 
muth, with very little lead ; common solder is composed 
of lead or tin ; the more of the latter it contains the more 
fusible will the alloy be. 

BISMUTH (Bi.) 

This is a comparatively scarce metal ; it is found in 
quantity only in the metallic state ; it is obtained from 
Uie rocks in which it exists by igniting them when reduced 
to a coarse powder ; the bismuth is fused out, and is col- 
lected at the bottom. Bismuth is white, with a peculiar 
shade of red, and has a marked crystaline structure ; it 
may be procured in separate cubic crystals of considerable 
aise ; good crystals can be obtained only firom the pure 
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oa^taly vMiAi is puepaivd l^ deflagiatuig nitre on the 
mAce of the melted metal ; Uie impurities are fiist oxid- 
ized and mix with the scoriae ; these crystals often dis- 
play foeautifol nunbow tints, occasioned by a thin layer 
of oxide on their suifaee. Bismuth is yery brittle^ eamly 
oxidized, scarcely acted upon by the muriatic and sul- 
phuric acids ; is rajfuidly oxidized by nitric acid with 
evolution (^nitric oxide, and nitrate of bismuth is formed ; 
it fuses at 497"^ ; is Tolatile at white heat, and then 
bums with a blueish white flame ; its sp.gr. is 9*9. Oscide 
of bismuth (BL O3.) is prepared by the combustion of 
bismuth at a high temperature, or by the ignition of the 
subnitrate ; it is a buff-coloured powder, and combines 
with adds to form salts. Superoxide of bismuth (Bi. O ^ . ), 
is |Hrepared by boiling finely levigated oxide of bismuth in 
solution of chloride of soda. StUphuret of bismuth exists 
native in crystals isomorphous with the sulphurets of an- 
timony and arsenic. Solutions of bismuth give a brown 
precipitate with sulphuretted hydrogen and iodide of po- 
tassium, and a yellow one with chromate of potash; 
caustic and carbonated alkalies produce a white precipi* 
tato of hydrated oxide, insoluble in excess. A strong 
solution of a salt of bismuth is decomposed by adding 
water ; a basic salt precipitates, and free acid exists in the 
liquor. Bismuth is employed extensively in the arts ; 
the alloy used for stereotype plates consists of tin, lead, 
and bismuth ; an alloy of two parts of bismuth, one of 
tin^ and one of lead, fuses at 20 1^ 

SILVER (Ag. from the Latin name Argentum). 

Thb principal sources of silver are the mines of South 
America and those of Saxony. A great deal of this 
metal is also obtained from the ores of lead in which the 
sulphuret of silver exists, generally in small amount* 
The native silver of South America is washed out by 
mercury, from which it is subsequently extracted by 
distiUation, the mercury passing over and the silver re- 
maining. In extracting silver from the sulphuret the. 
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Qie IB rrasted, in a leverberatory furnace, witli chloride 
of sodium.; d]^oride of silver and sulphuret of sodium 
are foimed ; this last heing washed out, the chloride of 
silver is put into barrels with some water, pieces of iron, 
and mercury ; the iron decomposes the chloride of silyer« 
forming chloride of iron, and setting the silver free, 
whieh fonns with the mercury a fluid amalgam ; a great 
part of the mercury is expelled from this by straining 
throng leather bags, a pulpy mass of amalgam of silver 
remaining, from which Uie mercury is separated by dis- 
tillation, ^ver is extracted from the ores of lead by 
a process called cupellation ; the lead is converted into 
oxide by exposure, in a dish made of bone ashes, at a 
full red heat, to a current of air. The process of cupel- 
lation has been much accelerated by the knowledge of the 
isLCt, that silver may be concentrated in lead by crystal- 
ization ; the silver forms with a certain portion of the 
lead a fixed alloy, more fusible than the lead through 
which it is diffused, so that when a mass of the fused 
metal is allowed to cool slowly, the parts which first 
crystalize are pure lead ; by repeating the process the 
great excess of lead is gradually removed and the quan- 
tity to be oxidized very much diminished. 

The salver of commerce is freed from the impurities 
which it always contains by solution in nitric acid and 
precipitation by conunon salt ; the chloride of silver then 
formed may be reduced in the usual way. Standard 
silver for coinage and plate is proved at the Mint by th^ 
method of assay with lead, already detailed. Pure 
silver is very brilliant ; takes a fine polish ; is the 
whitest of the metals ; it is very ductile and malleable ; 
its sp. gr. is 1 0*5 ; it fuses at 1 173'' ; it is not altered by 
air, nor water, but when kept melted fer a considerable 
time it absorbs oxygen, even to the extent of twenty times 
its volume, which it expels again on cooling, the surface of 
the metal being thrown into irregular granulations ; the 
oxygen in this case appears to be held in solution by the 
metal. Silver is very soft, and that used in coin and 



170 CHEMISTRY. 

plate is therefore alloyed with copper ; the silyer coin 
consists of 37 parts of pure silver to d of copper. When 
exposed to the air silyer tarnishes after some time, a 
.sulphuret being formed by the sulphuretted hydrogen 
existing in the atmosphere evolved during the decompo*- 
sition of organic matter. Silver is not acted upon by 
sulphuric and muriatic acids, but is dissolved by nitric 
acid with evolution of nitric oxide gas. Silver forms 
three oxides^ of which the protoxide only is well known. 
Protoxide of silver ( Ag. 0.) may be prepared by add- 
ing caustic potash^ or lime* water to a solution of nitrate 
of silver ; a brown powder is thrown down, which, when 
dried by a gentle heat, becomes black ; when stnmgly 
heated it is resolved into oxygen and metallic silver; 
this change occurs at ordinary temperatures if it be 
placed in contact with organic matter; with acids it 
forms salts, and with ammonia fulminating silver. 
Heated with glass silver is converted into oxide, which 
stains the glass of a deep yellow or onmge colour. Sul- 
phuret of silver is found native, both pure and in com- 
bination with other sulphurets ; it is the most abundant 
ore of silver. Solutions of silver are precipitated by the 
sulphites, by protosulphate of iron, and by protochloride 
of tin. Silver being reduced, muriatic acid, or solution 
of common salt, throws down a white chloride of silv^, 
insoluble in water and in acids, but soluble in water of 
ammonia; exposed to light, in contact with organic 
matter, chloride of silver is tinged violet or black, owing 
to the formation of a subchloride ; hence its use in pho- 
tographic processess. Solutions of silver give with iodide 
of potassium a canary yellow precipitate insoluble in 
ammonia, and with sulphuret of hydrogen a deep brown 
sulphuret. 

MEBCUBY (Hg. from the Latin name Hydrargyrum^ 
vitifp water, apyvpeoc silvery)* 

This metal is found native, and in combination 
with gold and silver; it is chiefly extracted from 
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its native sulpharet (cinnabar). The proeens of reduc- 
tion consists in distilling the ore with lime, or iron in 
snudl pieces ; in one case, sulphuret of calciam is formed^ 
and mercury and oxygen are liberated; in the other, 
sulphuret of iron is formed, mercury being left free ; an- 
other process consists in roasting the ore in kilns, by 
which mercury is driven off in vapour along with sal*> 
phurous acid ; this last being allowed to pass off the mer- 
cury is collected by condensation in a chamber lined with 
leather, upon which it is deposited. The quicksilver of 
commerce is contained in long iron bottles ; it generally 
contains portions of tin, lead, and bismuth, introduced as 
adulterations; from these it may be freed by distilla- 
tion, or by being left in contact with dilute nitric acid. 
Mercury having less affinity for oxygen than the other 
metals, is the last dissolved, so that when the dilute 
acid is found to contain mercury, the mass may be 
looked upon as pure. Merctuy is known by its fluidity 
at ordinary temperatures ; it is of a brilliant silvery hue ; 
if pure is not tarnished in dry air, but in damp air its 
impurities are oxidized rapidly, a galvanic circle being 
formed by the mercury and other metals ; it becomes 
solid at 39^ and crystalizes in octohedrons ; its sp. gr., 
when solid, is 14*0, when liquid, 13*5 ; it boils at 66S'', 
forming a colourless vapour ; at its boiling point, and a 
little below it, mercury absorbs oxygen from the air, 
forming oxide, which is decomposed at a red heat. Sul- 
phuric and muriatic acids do not act upon mercury at 
ordinary temperatures ; nitric acid oxidizes it rapidly ; 
boiling oil of vitriol is decomposed by mercury, sulphur- 
ous acid and oxide of mercury being formed. There are 
two oxides of mercury. The suboxide (Hgg. 0.) is best 
prepared by agitating chloride of mercury (calomel) in 
solution of potash or lime ; chloride of potassium or of 
calcium is produced and suboxide ; this is a black pow- 
der, which must be dried in the dark with a gentle 
heat ; when heated it is resolved into metallic mercury 
and protoxide ; this change occurs gradually on expos- 
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ing it to light ; suboxide fonns salts with acids. Prof- 
oxide of mercury (Hg. O.) may be prepared by any one 
of the following methods: by exposing mercury, at a 
little below its boiling point, for a long time to the 
action of air ; the metal is gradually converted into 
small deep red crystals of protoxide, the red precipitate 
per se of the earlier chemists ; or by heating crystals of 
nitrate of mercury till the nitric acid and water have been 
driven off, when an orange red crystaline powder is 
obtained ; or by decomposing a solution of bichloride of 
mercury by caustic potash or lime-water; a canary- 
yellow hydrate is thrown down, which becomes of a 
deeper colour when dried : red precipitate, when finely 
powdered, assumes the same yellow hue. The protoxide 
is slightly soluble in water, and the solution has a feeble 
alkaline reaction ; with acids the protoxide forms salts ; 
at a full red heat it is resolved into mercury and oxygen ; 
its colour changes with the temperature, becoming nearly 
black when very hot. Substdpkuret of mercury (Hgg. 
S.) is formed when any salt of the suboxide is decom- 
posed by hydrosulphuret of ammonia; it is a black 
powder, resolved into mercury and protosulphuret by 
the application of heat. Protosulphuret of mercury 
(Hg. S.) constitutes the cinn(d>ar of commerce ; it may 
be prepared by fusing sulphur in a crucible, and adding 
six parts by weight of mercury ; a combination takes 
place with evolution of considerable heat ; the compound 
is first black, but changed to a deep red by subliming it 
in glass vessels. In this state it constitutes factitious 
dnnabwr^ firom which vermilion is prepared, by exposing 
it in a finely levigated state, and covered with a thin 
layer of water, to a strong light. Protosulphuret may 
may be obtained by other processes. The presence of 
mercury in solution may be ascertained by immersing 
a clean slip of copper in the fluid ; the mercury will be 
deposited tfpon the copper in the form of a grey powder, 
which consists of minute globules ; protochloride of tin 
and phosphotous add precipitate mercury in the metallic 
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state, and the globules may be aggregated by boiling the 
fluid. Any solid containing mercury^ when ignited in a 
tube of hard glass, yields a sublimate of metallic mer- 
cury ; if in very small quantity, this appears as a ring 
of grey powder, which is found upon examination with 
the microscope to consist of minute and brilliant globules ; 
the sublimation in this case is &cilitated by the addition 
of a little carbonate of potash. Salts of the suboxide 
give with caustic alkalies black or grey precipitates; 
sulphuretted hydrogen throws down a black subsul- 
phuret ; solution of common salt produces calomel ; and 
bichromate of potash forms an orange chromate of the 
suboxide. Salts of the red or protoxide are precipitated 
yellow by an excess of caustic potash, and white by am* 
monia; sulphuretted hydrogen forms a black protosul- 
phuret ; and iodide of potassium a red precipitate soluble 
in excess of iodide. The colour of these precipitates is 
Yaried by the acid with which the oxide may be com- 
bined ; but in all cases ammonia gives a black precipi** 
tate with the salts of the suboxide, and a white one with 
salts of the red oxide. By triturating mercury with 
sulphur, or with other substances of little activity, a 
small portion only of the metal enters into combination^ 
the remainder being mechanically mixed. 

GOLD (Au. from the Latin Aurum). 

Gold is found only in the metallic state, pure or al- 
loyed with other metals, generally with silver, tellurium, 
and mercury. The gold of commerce is for the most 
part obtained by washing the sand formed by the de- 
tritus of rocks of igneous origin in which the metal is 
generally distributed. If gold be found alloyed with 
silver the latter is dissolved out by nitric acid. Pure 
gold is yellow, very malleable and ductile, and nearly as 
soft as lead ; gold coin is therefore alloyed with copper 
in the proportion of 83 parts of copper in 1000* Gold 
evinces no tendency to combine with oxygen or sulphur, 
and is, therefore, not altered by exposure to air; it 
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{usee at 2016* ; its sp. gr. is 19*5 ; it is not acted upon 
by any single acid, but dissolves in a mixture of nitric 
and muriatic acids, and in a mixture of nitric and hydro- 
fluoric acids. Gold forms two oxides, obtained by the 
decomposition of its chlorides. Deutoxide of gold (Au. 
Og.) is a green powder]: it does not combine with acids, 
and in solution of caustic potash is resolved into metallic 
gold and peroxide. Peroxide of gold^ or auric aeidj 
( Au. Os.) is formed by decomposing perchloride of ^'gold 
by an excess of magnesia ; aurate of magnesia is preci* 
pitated, which is decomposed by nitric acid ; the per- 
chloride remains as a reddish hydrate, which when dried 
in the air, turns brown, and at 212** gives off water and 
becomes black; it does not combine with any acid; 
with muriatic acid perchloride of gold is formed ; it com- 
bines with alkalies, and the precipitates formed by solu- 
tions of gold with a caustic alkali is a compound of auric 
acid with the base ; auric acid in powder or solution is 
rapidly decomposed upon exposure to the light, metallic 
gold being produced. The metal is deposited from its 
solutions by any of the deoxidizing agents ; by proto- 
sulphate of iron it is thrown down as a brown powder, 
which, when burnished, assumes the appearance of the 
metal ; protochloride of tin occasions a fine purple preci- 
pitate, called the purpU of Ccttsius, which is probably 
a compound of oxide of tin and suboxide of gold ; it is 
soluble in water of anmionia ; and mercury digested on it 
does not dissolve out any metallic gold ; when exposed 
to a red heat it is resolved into a mixture of peroxide of 
tin and metallic gold, .the purple colour still remaining ; 
it is used for painting glass and porcelain. Gold when 
heated on the sur&ce of glass stains it of a rich purple colour, 
being probably oxidized. Sulphurets of gold are formed 
by decomposing the chlorides by sulphuretted hydrogen ; 
they are brown powders. The value of alloys of gold 
is ascertained lA a variety of ways ; one of these is by 
comparing a streak left by it when drawn across the sur- 
face of certain stones with the streak made by a knovnft 
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alloy of the metal ; the stones generally used are the 
touchstone^ which is a variety of flinty slate^ and basalt^ 
of an uniform black colour. 

PALLADIUM (Pd.)y 

Found in small quantities associated with platinum ; 
its general characters are similar to those of platinum ; 
it is white ; almost infusible ; admits of being welded ; 
is malleable and ductile, and of sp. gr. 11*5: heated 
below redness its surface appears blue and green from 
the formation of oxide. The metal is not sensibly acted 
upon by muriatic or by sulphuric acid, but is dissolved 
by nitric acid ; it forms three oxides. Solutions of 
palladium are recognised by giving a flesh red precipi- 
tate with ammonia, soluble in excess ; with cyanide of 
mercury a white precipitate is formed^ and with iodide 
of potassimn a black one. 

PLATINUM (Pt.). 

This metal was originally found in the sands of some 
South American rivers^ and, from its likeness to silver 
(plata)^ was called platina, or little silver ; it has since 
been found in considerable quantity in the Oural moun- 
tains, which separate European from Asiatic Russia. 
Platina exists native, associated with a great variety of 
metals ; it exists in rocks of igneous origin, and in the 
sands of rivers flowing over them. The process of ex- 
traction from the ores is very complicated. Pure plati- 
num is white, but not so brilliant as silver ; it is the 
densest of bodies, its sp. gr. being 21'5 : it is very mal- 
leable and ductile ; it is fusible only in the oxyhydrogen 
flame ; at a high temperature it may be welded. Pla- 
tinum may be reduced to a state of minute division in 
two w^ays. Sjxmgy platinum is prepared by dissolving 
chloride of platinum and sal-ammoniac separately in 
alcohol, and mixing the solutions ; a flne yellow powder, 
chloride of platinum and ammonium, is produced, which, 
while moist, is made into balls like peas, and heated to 
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redness ; chlorine is carried off by the hydrogen of the 
ammonia, and platinmn remains as a light grey sponge. 
Platdnum Uack may be prepared by precipitating a solu- 
tion of bichloride of platinum with zinc, and boiling 
the precipitate in muriatic acid> or by dissolving proto- 
cfaloride of platinum in a boiling solution of potash, and 
adding alcohol gradually until effervescence ceases. 
The precipitate after being boiled in succession in alcohol, 
muriatic acid, potash, and water, is a dull black powder 
consisting of pure metallic platinum ; it absorbs oxygen 
in a large quantity, and is employed in organic analysis. 
Platinum does not combine with the oxygen of the aii^ 
but is slightly oxidized when nitre or potash is fused m 
contact with it ; it dissolves only in the nitro-muriatac 
and hydro-fluoric acids. There are two oxides and two 
Bulphurets of platinum. When a slip of zinc is placed 
in a solution of platinum, the latter is separated as « 
black powder, soluble in aqua regia, and giving with an 
alcoholic solution of sal-ammoniac a fine yellow crystal- 
ine precipitate ; with iodide of potassium a black preci^<» 
tate, soluble in excess, producing a rich crimson solution. 
This metal is sometimes used in enamelling on glass and 
porcelain, but it is chiefly employed for the manu&cture 
of large boilers for concentrating oil of vitriol ; and small 
crucibles constructed of it are extensively used in diemi- 
cal operations. 

IRIDIUM (Ir.) and rhodium (B.)- 

Thbsb metals are found associated with platinum. 
Iridium is like platinum, but less fusible j it is white and 
very brilliant ; sp. gr. 18*68 ; it is insoluble in acids, but> 
when reduced to the spongy form, is soluble in aqua 
regia ; it combines with oxygen in four proportions. 

Rhodium is white» very brittle and hard; sp. gr« 
about 11 *0 ; it is not acted on by aqua regia, except 
when alloyed : its name is derived from the rose-colour 
of its solutions (^Beos ro%y) ; it unites with oxygen in 
two proportions. 
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THB SAJLT8. 

The subttanceB known in chemistry undBr the deno^ 
mination of salts, may be divided into two classes. The 
fint oomf^rising such as ane formed by the union of a 
simple body analogous to chlorine with a metal. Chloride 
of sodium is of this class ; these are called haloid soUb 
(&Xc ^e sea, and eiBoi: a likeness)^ from their resemblance 
to common salt. The second class comprehending the 
salts formed by the combination of acids with bases. 
Salts are said to be either neutral, acid, or baste. A neutral 
salt does not exert either an add or an alkaline reaction ; 
it generally consists of one equivalent of acid with one of 
base, the latter containing one equivalent of oxygen ; sub 
or protimdes are the bases therefore of true neutral salts. 
The salts of sesqui and deutoxides generally have an acid 
reaction^ except when there is an excess of base. Metallic 
oxides combine in their neutral salts with one equivalent 
of acid fbr each equivalent of oxygen contained in the 
base ; thus a suboxide or protoxide unites with one equi- 
valent of acid, a sesquioxide unites with three equivalents 
of acid. The salts, though they may have an acid reac- 
tion, are termed neutral, owing to the equality of pro- 
portion of the acid with the oxygen of the base. 

Baste salts are those in which there exists more than 
one equivalent of base for each equivalent of acid. 
Haloid salts combine frequently with the oxide of the 
metal which they contain, and form basic haloid salts ; 
thus chloride of copper unites with oxide of copper, form- 
ing basic chloridejof copper. These compounds are gene* 
rally called oayehlorides, oxyiodides, &c., as the case may 
be. In addition to neutral salts, which are mono-basic, or 
contain one equivalent of base and one of acid, there are 
bibasie and tribasic salts, having two or three equivalents 
of base to one of acid respectively ; these are considered 
neutral, whether their action be add or alkaline, bdng 
derived from a definite combination of the add with basic 
water. DonUe salts are obtained by the union of two 
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simple Raits ; both salts generally contain the same add, 
but different bases. Salts of different acids, with the 
same base, may combine to form double salts, as the 
oxalate and nitrate of lead ; and there are a few exam- 
ples of a double salt containing two acids and two bases. 
Sftlpliur salts consist of a sulphur acid, which is gene- 
rally a sulphuret of an electro-negative metal or of car- 
bon, combined with a sulphur base, which is a sulphuret 
of an electro- positive metal. The hydracids, as the add 
compounds of hydrogen with simple bodies are called, 
do not unite with metallic oxides to forms salts, but 
they are decomposed, water being formed; and bj the 
contact of these hydracids with metals* hydrogen is 
expelled ; the hydrogen in such cases, according to the 
metallic theory of its constitution, acting the part of a 
base, which is expelled by the greater affinity of another 
base for the second element of the hydracid. 

The similarity in properties existing between a com- 
pound consisting of chlorine, or of an element of that 
class, with a metal, and a salt composed of an oxygen 
acid and the oxide of a metal, has led to the suggestion 
of a theory which assumes, that, at the moment of union 
of an oxygen acid with a metallic oxide, a new arrange- 
ment of elements takes place, by which the salt is assi- 
milated in constitution to that of a compound of chlorine 
with a metal ; as, for instance, that in sulphate of mag- 
nesia there is neither sulphuric acid (S08.).nor magne- 
sia (MgO.), but sulphur, oxygen, and magnesium. This 
view, which has been called the binary theory of salts, 
is pretty generally adopted, but the nature of this work 
forbids the discussion of the arguments for and against it. 
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CHEMISTBY OP THE MOST IMPORTANT SALTS OF THB 
INOBGANIC ACIDS AND BASBS. 

Chloride of potassium (K. CI.) may be prepared by 
neutralizing potash with hydrochloric acid ; it exists in 
abundance in salt springs and in the ashes of plants ; it is 
very soluble in water, and is used as a freezing mixture, 
in consequence of the cold produced during its solution^; 
it crystalizes in anhydrous cubes, and its chief use is in 
the manufacture of alum. 

Iodide of potamum (KI.) may be prepared in a va- 
riety of ways. One of the simplest of these is by neu-^ 
tralizing solution of potash with iodine; iodide of potas- 
sium and iodate (tf potash are formed by the solution 
being evaporated to dryness : the residual mass is heated 
to redness, and kept ^sed while any bubbles of oxygen 
gas are given off; the remaining iodide, when cold^ is to 
be dissolved in water, and allowed to crystalize very 
slowly. If the heat in this process be too high, a loss 
will occur, and, if it be not high enough, undecomposed 
iodate of potash will remain, with which, from its in- 
creasing the product, the salt is often adulterated. Mr. 
Scanlan has proposed a test for the detection of the iodate, 
which consists in adding tartaric acid to the suspected 
solution ; if pure iodide only be present the acid has no 
action save the liberation of hydriodic acid ; but if iodate 
be present iodic acid is liberated, which reacts upon the 
hydriodic acid by which water is formed, and the iodine 
liberated may be detected by the starch test. KI. 
crystalizes in cubes, and sometimes in square prisms; 
it is not deliquescent when pure, and has no action upon 
turmeric paper, by which its adulteration with carbonate 
of potash may be detected. This salt is sometimes 
mixed with chloride of potassium ; the adulteration may 
be detected by decomposing the solution with nitrate of 
silver, and then washing the precipitate with water, 
digesting it in strong water of ammonia and filtering ; 
if the solution, rendered slightly acid with nitric acid, 

N 2 



JT 1 



»a.^ JbX 



i ZI i 






^-=^ ^~ 



7 1*. aL 



I X 



i>/.to-r ' 






. lllf 



_ >^mL .■*• 



•r -im- 



^*•■«• 



■*• X JVS» 



t ^-r?^ T-_T. 



r i":^^ X iiEnscifs to 



CHEMISTRY. 181 

Were this expansion to occur instantaneously it would 
burst any body without exerting a projective force ; but 
the decomposition of gunpowder occupies some time ; the 
formation of gas is therefore progressive to a certain ex- 
tent, and the baU is propelled through the barrel of the 
gun with a force equal to the power of the whole amount 
of gas generated. The products of decomposed gun- 
powder are sulphuret of potassium, nitrogen, and carbo* 
nic-acid gas. The proportions of sulphur, saltpetre, and 
carbon (charcoal) employed for the manufactmre of gun- 
powder in the government factories of three leading 
states are as follow : 





English. 


French. 


Prussian. 


Sulphur 


10-0 


12-5 


11-5 


Carbon 


15-0 


12-5 


13-5 


Saltpetre 


75-0 


75-0 


75-0 



100-0 100-0 100-0 

Coarse blasting-powder consists of 65 parts of salt- 
petre, 20 of sulphur, and 15 of charcoaL Excess of 
sulphur increases the explosive force, but it is of too 
corrosive a quality to be used in fire-arms. A mixture 
of 3 parts of saltpetre, 4 of carbonate of potash, and 1 
of sulphur is decomposed instantly, when fused, with an 
explosion so violent that, if it occur on a thin iron plate, 
the plate will be perforated. A mass composed of 3 
parts of nitre with 1 of finely-powdered charcoal, if 
touched with an ignited coal, will bum nearly as fast as 
loose gunpowder, but without explosion. The intensity 
and rapidity of the deflagration of gimpowder is there- 
fore regulated by the sulphur, and the gas^ to which its 
projective force is due, is generated by the carbon. 
Great precaution is necessary in the preparation of the 
materials for the manufacture of gunpowder. Success 
depends in a great measure on the proper preparation of 
the charcoal. This should be the product of a light 
wood, forming little ashes, such as birch, and be carbon- 
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ized in cylinders slowly, and at the lowest possible heat. 
Charcoal so prepared, when reduced to a very fine pow- 
der, is so inflammable that it sometimes takes fire at 
ordinary temperatures. The nitre is purified by re-^ 
peated crystalizations, and by washing the crystals with 
water already saturated with nitre ; this dissolves any 
common salt that may be present and does not act upon 
the crystals of nitre. 

Hypochlorite of potash (KO. CI 0.) is formed by- 
passing a stream of chlorine gas into a solution of car-^ 
bonate of potash. 

Chlorate of potash (KO. CI O5.). — By passing chlo- 
rine into a strong solution of potash, chloride of potas- 
sium and hypochlorite of potash are formed ; by boiling 
the liquor oxygen is given ofi> chloride of potassium and 
chlorate of potash are formed ; the salts are separated by 
crystalization. Considerable saving is effected in the 
preparation of this salt by the method proposed by Pro- 
fessor Graham, which is as follows : — one equivalent of 
carbonate of potash mixed with one of hydrate of lime 
(by weight about two of the first to one of the second) 
is exposed to a current of chlorine ; the gas is absorbed, 
the solid mass becomes very hot, and water is abun- 
dantly given off; chloride of potassium, carbonate of 
lime, and chlorate of potash are formed, whilst water is 
given off; by treating the mass with water the potash 
salts are dissolved, and the chlorate may be separated 
by crystalization* Chlorate of potash crystalizes in 
rhomboidal tables, of a pearly lustre ; it is anhydrous ; 
100 parts of water dissolve 3*5 parts at 32% and 60 
parts at %\2°; it tastes somewhat like nitre; when 
heated it melts, evolving oxygen, being converted 
into chloride of potassium and hyperchlorate of potash ; 
the heat being increased pure chloride remains ; it forms 
the basis of many deflagrating mixtures, firom its afford- 
ing a ready supply of oxygen ; when rubbed in a mor* 
tar with sulphur, or with sulphuret of antimony, it ex* 
plodes violently ; placed in contact with a small piece of 
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phosphorus on an anvil and struck by a hammer it 
detonates dangerously. The greatest care should be 
observed in experimenting with this salt. The compo* 
sitions employed in the manufacture of common lucifer 
matches consist of mixtures of chlorate of potash with 
charcoal and sulphur^ or siilphuret of antimony, or cin-> 
nabar, made into a paste> with mucilage of gum arable 
and applied to the stick previously smeared with sul- 
phur. 

Perchiorctte of potash is remarkable only for its being 
one of the least soluble salts of potash ; it may be 
used as a test for the detection of potash. Silicate of 
potash is important as being a constituent of glass. 
lodate of potash may be obtained by neutralizing per- 
chloride of iodine with caustic potash. 

Chloride of sodium — common salt — sea salt (Na. CI.). 
— This salt exists in nature in great abundance ; it is 
found solid^ as rock salt, and in solution in the waters of 
the sea and of salt lakes. Beds of salt are sometimes of 
great extent ; that at North wich is supposed to be 60 
feet thick, a mile and a half long, and 1300 yards 
wide ; and the salt mines of Poland are of still larger 
dimensions. The deposits of such large quantities of 
salt have probably taken place from the drying up of 
salt lakes. Rock salt as quarried is of a brownish colour^ 
from an admixture of earthy matters, from which it is 
freed by solution and crystalization. The expense of 
sinking a shaft and quarrying the solid salt may be 
avoided by boring down to the bed with a pipe a few 
inches in diameter, and letting water flow through it 
upon the salt ; the strong solution of salt thus produced 
may be pumped up and evaporated. On the sea-coasts 
of Portugal and the south of France* and of other warm 
countries, salt is procured by the evaporation of sea- 
water. On the flowing of the tide the water is allowed 
to- pass into shallow basins, and as the concentration 
proceeds under the influence of the sun's rays, it is trans- 
ferred from one basin to another, and, finally, crystals 
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are fermad by the applkation of artificial heat. If ^le 
•ca-water were evaporated to dryness Ha other aalina 
constituents would become mixed with the dikiride ef 
sodium. Sea-water generally cittsiBts of 

Chloride of sodium . 2*50 

Chloride of magnesium 0*35 

Sulphate of magnesia 0'58 

Carbonate of lime and ) ^.^^ ) in 1 00 parts. 

Carbonate of magnesia j 

Sulphate of lime • • O'Ol 

Water . . , . 96-54 

Traces of iodide and bromide of magnenum also eadst. 
The liquor which remains after the common salt has 
crystalized out of sea- water is called bittern, and as it 
contains sulphate of magnesia it is preserved for the ma- 
nu&cture of Epsom salts. The chloride of sodium cxy»> 
talizes in cubes ; it is equally soluble in water at all 
temperatures, 100 parts of water dissolving S6'5 of the 
salt ; by a strong heat it may be converted into vapour ; 
its crystals are anhydrous, but generally have fissures 
containing water, which, when h^ted, produces decre- 
pitation by bursting the crystal. The ordinary uses of 
this compound are too well known to need mention ; it 
is now the source whence all the other salts of soda, 
such as the carbonate and sulphate, are derived ; it is 
employed in the manu&cture of glass and of poieeiaiii, 
and is used as a manure. 

Sulphate of soda (Na 0. SO3. -f 10 HO.), called 
Glaubers salt, after its discovers, exists in some mineral 
springs, and may be prepared by decomposing carbonate 
of soda with dilute siUphuric acid ; it is manu&ctured in 
large quantities from common salt in the process for ob- 
taining muriatic acid. Sulphate of soda crystalizes in 
six-sided prisms, very much channeled at the sides ; it 
is very soluble in water; its crystals contain 56 per 
cent, of water, which they lose by exposure to air, and 
&11 into a white powder. 
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Ni&aie ^f soda-^-cnbie nitre (Na O. NO^'.).— thid 
salt 18 found on the surfbce of the earth in South Ame- 
rica ; it may be prepared by acting upon carbonate of 
soda with nitric acid ; it crystalizeB in rhombs, is very 
soluble in water, and slightly deliquescent ; it is ustd in 
the manufacture of nitric and sulphuric acids, and as a 
manure. 

Hyposulphite of soda (Na 0. Sg. O^. + 10 HO.) 
may be obtained by boiling together three parts of dry 
carbonate of soda with one of sulphur^ until the latter is 
dissolved^ and passing a stream of sulphurous acid gas 
through the liquor^ until it smells strongly of it. The 
salt may be produced more simply, by boiling three parts 
of carbonate of soda with two of sulphur, and exposing 
the deep-yellow liquor to the air, until it yields a colour* 
leas liquor on filtration. This salt is easily soluble in 
water, and has acquired some importance from its use in 
photo^phy, being employed to (Hssolve out the sensitive 
silTer compounds. 

Hypoekhrite of soda — chloride ofsoda^ or disinfecting 
liquor of Laharague^ is prepared by passing chlorine into 
a solution of carbonate of soda as long as any will be 
absorbed ; the liquor then contains hypochlorite of soda, 
chloride of sodium, and bicarbonate of potash ; no car<* 
boDic acid is erolved. 

Tribasie phosphate of soda is prepared by decomposing 
a solution of phosphate of lime obtained from bones ; by 
carbonate of soda, carbonate of lime and phosphate of 
soda are formed. This salt crystalizes in oblique rhom- 
bic prisms; it is easily soluble in water, and has ati 
alkaline reaction ; when exposed to the air the crystals 
lose some of their water, but retain their form ; it con- 
sists of one atom of phosphoric acid, two of soda, one of 
basic watear, and twenty-four of water of crystalization ; 
it gives with nitrate of silver a yellow precipitate of 
phosphate of' silver. Bibasic phosphate of soda is formed 
by fusing the common phosphate : at a moderate heat 
iJl the water of crystalization is given off, and at a red 
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heat the basic atom of water is expelled ; when the salt 
ifl redissolved it does not combine with basic water^ but 
unites with soda only. This salt was called pyrophoi* 
phate ; it gives a white precipitate with nitrate of silver. 
MonobaMc phosphate of soda is obtained by heating the 
tribasic or bibasic phosphate to redness ; the acid remains 
combined with one atom of soda after the volatile base is 
expelled ; the salt fuses into a glass and does not crystal- 
ize ; and throws down from solutions of lead and silver 
precipitates which consist of a soft tenacious paste. 

BoTiOe of soda (Na O. + 2 BO3. + 10 HO.).— 
Boracic acid forms various salts with soda^ of which the 
biborcOe or horax of commerce is the most important ; it 
consists of Na 0. + 2 BO 3. -f HO., and is found in 
the water of certain lakes in Thibet, China^ and in Hun- 
gary, whence it was imported in the shape of small crys- 
tals smeared with fatty matter, and called tinkal. 
Borax is now procured by treating native boracic add, 
brought from Tuscany, by carbonate of soda ; its crys- 
tals are oblique rhombic prisms ; the salt, though con- 
taining two atoms of acid, has an alkaline reaction; 
when heated it froths up very much, and releases its 
water ; it is used in experiments with the blow-pipe, as 
it dissolves most metallic oxides readily, and enables the 
metals to produce the coloured glasses peculiar to them ; 
it is employed also in the manufacture of glass and por- 
celain. The other borates of soda are unimportant. 

Chloride of barium (Ba CI. + 2 HO.) may be pre- 
pared by acting upon native carbonate of baiytes with 
dilute muriatic acid, or by decomposing sulphuret of 
barium with dilute muriatic acid; the salt crystalizes 
from a hot solution in rhomboidal tables. 

Sulphate of barytes (Ba 0. SO 3.) exists native in 
great abundance, generally associated with sulphiuet of 
lead. This salt is insoluble in water ; its crystal is an 
oblique rhombic prism, generally very flat ; it is called 
heavy spar, and terra ponderosa, and is one of the heavi-^ 
est salme bodies ; reduced to fine powder it is used as 
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a substitute for white lead in painting ; it may be pre- 
pared by adding sulphuric acid to any solution contain- 
ing barytes. 

Nitrate of harytM may be obtained by acting upon 
carbonate of barytes with dilute nitric acid, or by mixing 
strong hot solutions of sulphuret of barium and nitrate of 
soda. 

Nitrate of gtrontia ciystalizes in octohedrons^ and 
during the formation of the crystals bright flashes of 
light are emitted. 

Chloride of calcium (Ca CI. -f 6 HO.) may be pre- 
pared by acting upon carbonate of lime with muriatic 
acid ; but it is abundantly furnished as the residue in pre- 
paring carbonic acid, &c. It is very soluble in water ; 
the solution when evaporated yielding long striated 
rhombic prisms, which are very deliquescent, undergo 
watery fusion when heated, and, giving off two-thirds of 
their water of crystalization, form a powder which is 
employed in making freezing mixtures ; at a red heat it 
fiises and becomes anhydrous ; in this state it phospho- 
resces in the dark, and constitutes Homberg*s pyrophorus ; 
it has a powerful affinity for water, imiting with two 
atoms of it with evolution of much heat, and is therefore 
employed to dry gases and to abstract water from liquids, 
such as spirits of wine. 

Fluoride of calcium — -fluor apa/r (Ca F.) exists abim- 
dantly, crystalized in cubes and octohedrons, but chiefly 
in masses. It is soft and tough to a certain extent, 
when first taken from the earth, and may be cut into 
ornaments remarkable for a variety of colours ; its crys- 
tals phosphoresce by heat or electricity ; it is insoluble in 
water ; ^1 the other preparations of fluorine are derived 
from it ; from its forming very fusible compounds with 
silicious and aluminous minerals, it is used as a flux 
in smelting metallic ores, and is hence called fluor spar. 

Sulphate of lime (Ca 0. SO 3. + 2 HO.) may be 
prepared by mixing any soluble salt of lime with sulphuric 
acid ; it forms in this way a crystaline powder, requir- 
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ing 461 parts of water^ hot or cold^ for it^ solution. 
This salt is found in abundance either in distinct colour- 
less crystals, or in semi-transparent crystaline masses^ 
eonstituting alabaster; or in masses having no definite 
shape, and forming extensive rocky beds, in which con- 
dition it is called gypsum. From this last form piaster 
of Paris is obtained by calcining the gypsum broken 
into small pieces, at a heat below 300^ until the water 
of crystalization is driven off; a powder is produced 
which must be kept in air-tight vessels ; when mixed 
with water it rapidly re-combines with it, evolving heat 
and expanding as it solidifies, so as to fill the crevices in 
any mould into which it may be poured. On this prin- 
ciple is based the art of casting plaster, and of making 
sticeco ; solutions of glue or of earthy salts being used in 
place of water. 

Phosphoric acid forms various salts with lime, the 
most important of which is that phosphate which consti- 
tutes the earth of bones; this is a tribasic prosphate ; its 
formula is 8 Ca H- 3 PO^. : mixed with small quan- 
ties of carbonate and sulphate of lime, and of fluoride of 
calcium, it forms the inorganic part of the skeleton of 
mammals ; it is precipitated by dissolving bone earth in 
muriatic acid, and then neutralizing the solution with 
caustic ammonia ; thus procured it is a gelatinous pow- 
der united with four atoms of water. 

Hypochlorite of lime — chloride of lime — bleaching saU, 
— This substance is prepared on a large scale by expos- 
ing hydrate of lime to the action of chlorine, in an appa- 
ratus constructed for the purpose. One hundred parts of 
slaked lime combine with from 50 to 60 of chlorine; 
if the process be too rapidly conducted chlorate of lime and 
chlorate of calcium are formed, which may be known by 
the product becoming damp when exposed to the air. The 
best bleaching powder thus prepared does not contain 
more than 40 per cent, of chlorine ; but if lime diffused 
through witter, so as to form a thin cream, be exposed to 
the action of chlorine, it will absorb more than its own 
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weight of gas, and be entirely dissolved. The best bleach- 
ing powder contains about 18 per cent, of hydrate of lime 
in excess^ which remains undissolved when the powder is 
treated with water. The bleaching powder of commerce 
does not generally contain more than SO per cent, of 
chlorine. The solution of chloride of lime has an alka- 
line reaction^ and is destitute of bleaching properties if 
no acid be present^ as the acid releases the chlorine which 
then acts upon the colouring matter. A difference of 
opinion exists as to the precise constitution of bleaching 
powder ; one view being, that there is a direct combina- 
tion between the chlorine and the lime, forming chloride 
of oxide of lime ; and another, that a double salt of a 
hypochlorite with a chloride exists in the compounds. 

C/doride of mapiesium (Mg. CI.) may be obtained by 
acting on carbonate of magnesia with muriatic acid ; by 
evaporating the solution very deliquescent prisms are 
procured with six atoms of water. This salt is found in 
sea- water. 

Srdpkate ofmcignma (Mg 0. SOg.) is found in abun- 
dance in the saline mineral springs of Seidlitz, Seltzers, 
Epsom, &c. ; it is commonly known under the name of 
Epsom salts. It is principally obtained firom magnesian 
limestone, by calcining and then treating it with dilute 
sulphuric acid ; sulphate of lime being sparingly soluble, 
is easily separated from the sulphate of magnesia, which 
is washed out and crystalized. Sulphate of magnesia is 
also obtained by the action of sulphuric acid from the 
liquor which remains after the crystalization of com- 
mon salt from sea-water. This salt crystalizes in right 
rhombic prisms, containing seven atoms of water, one 
being constitutional, the other six of crystalization ; when 
heated to 212' it gives off the six atoms of water of 
crystalization, retaining the seventh even at a heat of 
400° ; it forms with the sulphate of potash a double salt. 
Nitrate of magnesia (Mg 0. NO^.) is a very soluble 
dehquescent salt, and cannot be obtained dry. Barute 
of magnesia constitutes the nuneral boracite. 
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A variety of silicates qfma^esia exist native : one of 
these is the steatite or soapstone ; another is the meer* 
shaurriy from which bowls of tobacco-pipes are cut; 
olimne and serpentine, which are found in certain kinds 
of marble, are also simple silicates of magnesia ; amphi- 
bole and pyroxene are double silicates of magnesia and 
lime, with an admixture of protoxide of iron. 

Chloride of aluminum (Alg. CI3.) may be obtained 
in a hydrated form by dissolving alumina in muriatic 
acid. Fluoride of aluminum is found native. The 
topaz is a double fluoride and silicate of alumina. 

Sulphate of alumina {k\0^, + 3 SO3. + 18 HO.) 
is prepared by dissolving alumina in dilute sulphuric 
acid ; it has a sweetish styptic taste, is very soluble in 
water, and crystalizes on thin flexible plates. When 
heated to redness this salt gives ofl* its water and acid, 
pure alumina remaining. SO,, unites vrith alumina 
in another proportion, forming the mineral aluminite. 
Sulphate of alumina combines with the alkaline sulphate 
to form the double salts called alums. Of these, the most 
important is the dovJtle sulphate of alumina and potash, 
or common alum; the formula of which is KO. SO3. -j- 
Alg. O3. 4- S SO3. + 24 HO. Alum is manufactured 
on a laige scale for the purposes of commerce. The ma« 
terial from which it is derived is a clay^slate found in 
coal districts under the beds of good coal ; this clay-slate 
contains a certain quantity of coal mixed with an abun- 
dance of bisulphuret of iron. When exposed to the air 
the sulphuret rapidly absorbs oxygen and forms sulphate 
of iron, with an excess of acid, which reacts upon the 
clay with the alumina of which it combines; this 
effect is hastened by the application of heat, which is 
applied by placing fuel under the mineral, built up inta 
pyramidal heaps, with channels through the interior to- 
keep up a draught ; the slate contains coal enough after 
the fuel beneath has been ignited; the mass becomes brick- 
led as it bums ; as the process goes on quantities of ma^ 
terial are added till the heap acquires a height of from 6Q 
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to 80 feet. When the calcined mass is cooled it is re- 
duced to powder, and treated with water. Sulphate of 
alumina and sulphate of iron dissolve out, and the liquor 
is evaporated to a certain strength ; a solution of some 
salt of potash is then added, generally the waste chloride 
of potassium from soap-hoilers ; this decomposes the sul- 
phate of iron, forming sulphate of potash, which unites 
with the sulphate of alumina, and crystalizes out as 
alum^ the iron remaining as a chloride in solution. In 
some volcanic countries a mineral is found containing 
potash and sulphuric acid united to alumina ; from this 
rock alum is obtained, which is held in high estimation 
by dyers, as it contains no trace of sulphate of iron, 
which affects the colours of the dyes. Alum forms regu- 
lar octohedral crystals, the solid angles being often re- 
placed by the sur&ces of a cube ; when heated its water 
is first expelled, and at a red heat most of its acid is 
driven off, sulphate of potash and pure alumina remain- 
ing ; it has a sweetish astringent taste, an acid reaction, 
and is soluble in 1 8*4 parts of cold water. The pyro- 
phorus of Homberg is prepared from alum ; three parts 
of dried alum and one of lampblack well mixed, are 
placed in a stout glass bottle, and being bedded with 
sand in a crucible, and carefully heated to redness until a 
blue flame appears at the mouth of the bottle ; when 
this has lasted a few minutes, the bottle is stoppered with 
a piece of chalk, and the whole cautiously cooled. The 
black powder found in the bottle is a mixture of lamp- 
black, alumina, and sulphuret of potash, which last, being 
in very minute division, takes fire, and emits considerable 
light when a little of the powder is shaken out of the bottle. 
Basic or cubical alum^ which is preferred as a mordant 
to common alum, is prepared by adding carbonate of 
potash to a solution of alum ; it has no acid reaction, 
and crystalizes in cubes. 

A remarkable mineral called wavellete, found in the 
counties of Cork and Tipperary in Ireland, is a phosphate 
of alumina. 
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hjdzaUd chloride; the solution absorbs oxygen fiom 
the air rapidly, and its colour is changed to a dark green ; 
the crystals if heated without access of air give a white 
mass of protochloride, and in the air perchloride is pro- 
duced* 

Sesquichlaride of iron (Fe^. CI3.) is formed when iron 
is dissolved in a mixture of nitric and muriatic acids ; a 
deep-brown solution is formed, which, on evaporation, 
yields- large red, very deliquescent crystals of hydrated 
chloride \ this salt is decomposed by heat, muriatic acid 
is given off, and red oxide of iron remains^ with some 
chloride. 

Prota-iodide of iron (Fe. I.) is formed by digesting 
iodine in water, with an excess of iron filings ; a colour- 
less solution is obtained whi<^ yields a crystaline mass 
upon evaporatioui and absorbs oxygen rapidly; it dis* 
solves iodine laigely, becoming brown, probably contain- 
ing sesqui*iodide (Fe^. 1 3.) and fi^ iodine. 

Protosulphate of iron^ green copperas (Fe 0. SOg. + 
7 HO.) is manufactured on a large scale by exposing to 
the action of air and moisture the bisulphuret <^ iron 
found in alum clay- slate; oxygen is absorbed rapidly, sul- 
phuric acid and oxide of iron are formed ; the hquor con* 
taining these is conducted into tanks, where it is brought 
into contact with pieces of old iron, which neutralize the 
excess of acid produced by the bisulphuret, and preserve 
the iron in a state of protoxide ; the salt is obtained by 
evaporating the solution. This salt may be prepared in 
a small way by acting upon iron-wire or filings with di* 
lute sulphuric acid. The crystals generally contain seven 
atoms of water, one of these being constitutional ; the 
shape of the crystal is a short oblique rhombic prism^ 
with many secondary faces. The taste of the salt is 
styptic and metallic ; it is very soluble in water, and veiy 
sparingly in alcohol ; when heated it gives off water, and 
at a fidl red heat its SO 3., a portion of which is resolved 
into sulphurous acid and oxygen, by which the iron is 
peroxidi^ ; this peroxide is called rcnnge and eoloothar^ 
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mod ig employed as a polishing material. The proto- 
sulphate even when diy absorbs* oxygen^ and becomes 
covered with a reddish brown crust of persulphate^ hence 
its name of copperas. 

Setquisttlpkate of iron (Fcg. O3. + 3 SO3.) is found 
native^ and may be prepared by treating red oxide of 
iron with oil of vitriol^ and applying moderate heat to 
expel excess of acid; a red solution is formed with 
water^ which, when evaporated^ yields a deliquescent 
mass ; this salt is decomposed by a strong heat. There 
are several basic persulphates of iron^ of which the most 
important is the rust-coloured powder^ thrown down from 
a solution of protosulphate of iron when oxidized by ex- 
posure to air. 

Protonitrate of iron may be formed by dissolving sul* 
phuret of iron in cold dilute nitric acid. Metallic iron 
dissolves in dilute nitric acid without evolution of hydro- 
gen ; water and nitric acid are decomposed, and oxide of 
^ iron and ammonia are formed. Pemitrate of iron is 
produced when iron is dissolved in hot nitric acid. 

Protophosphate of iron is formed by decomposing a so- 
lution of protosulphate of iron with phosphate of soda ; it 
is a white powder which becomes blue upon exposure to 
the air ; tlus salt exists native^ forming the hog iron ore. 
Sesguiphospkate of iron is produced by decomposing solu- 
tion of sesquiBulphate of iron by phosphate of soda. 
Both these phosphates are used in medicine. The salts 
of protoxide of iron absorb nitric oxide in considerable 
quantity, and form with it a deep olive coloured liquor^ 
which rapidly attracts oxygen from the air. 

Chloride of nickel (Ni. CI.), is obtained by dissolving 
oxide of nickel in dilute muriatic acid, or by acting on 
nickel with hot concentrated acid; it forms emerald 
green rhombic crystals ; when heated these abandon their 
water and form a yellow powder, which, by a red heat, 
sublimes in crystds resembling mosaic gold. 

Chloride of zinc (Zn, 01.), is prepared by burning me- 
tallic zinc in chlprinO) or by dissolving the metal in mu- 
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riatie amd ; the solution is colourless ; on evaporation it 
yields rhombic crystals^ which are very deliquescent, and 
contain water ; the diy salt is white, and melts above 
212^; it was formerly called, from its softness and fusi- 
bility, bzUter of zinc ; its great affinity for water renders 
it ;» powerful caustic when applied to any part of the 
living body ; chloride of zinc is the basis of Sir William 
Burnett's preservative against decay in the timbers and 
corddge of ships. 

Sulphate of zinc (Zn 0. SOj. + 7 HO.) maybe pre- 
pared by dissolving the metal in dilute sulphuric acid, 
and on the large scale is produced by roasting native sul^ 
phtiret of zinc in a current of hot air in a reverberatory 
furnace ; the metal and sulphur attract oxygen, and a 
neutral sulphate of zin<} is formed, which is dissolved in 
water^ and crystalized by evaporation. The sulphate is 
sometimes formed by exposing the sulphuret to the action 
of air and moisture, by which the salt is gradually form* 
ed : th^ first crystals produced are run into moulds afler 
undergoing watery fusion^ and, when solidified, the mass 
is calkd white vitriol. Sulphate of zinc forms rights 
rhombic prisms in crystalizing ; these contain 43*9 per 
cent, of water^ are permanent in the air^ and dissolve in 
2i times their weight of cold water. 

Protochloride of tin (Sn CI. -f 3 HO.) is obtained 
imhydrous by treating tin in a current of muriatic-acid 
gas, hydrogen being evolved ; or, by distilling a mixture 
of equal parts of tin and corrosive sublimate in a glass 
retort, metallic mercury first passes over, and protochlo- 
ride of tin sublimes at a strong red heat, under the name 
of salt of tin : the crystalized protochloride is extensively 
used as a mordant in dyeing. This salt has a strong 
affinity for oxygen and chlorine; by this property it 
teduces salts of silver, mercury, and gold to the metallic 
state ; with indigo and other oiganic dyes it forms co- 
lourless compounds. 

Perehloride of tin (Sn. Clg.) is obtained anhydrous 

by distilling a mixture of four parts of corrosive subli- 

o 2 
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mate and one of tin ; a colourless liquid distils over, 
which forms dense white fumes when in contact with 
air ; this is the bichloride, and was called the fuming 
liquor of Libamus ; mixed with half its weight of water 
it forms a crystaline mass, and boils at 248^ 

Protosulphate of tin is formed by acting on tin with 
strong oil of vitriol. 

Bancroft's mordant is made by digesting two parta 
of tin with three of strong muriatic acid for an houry 
and then cautiously adding one and a half parts of oil 
of vitriol; the tin is dissolved, and the solution, on 
cooling, forms a crystaline mass, which is dissolved in 
water, in the proportion of one part of tin in eight of 
the solution. 

Cklorocarbonie acid (Cr. CI3. + 2 Cr. Oa.) is prepared 
by melting in a crucible 10 parts of common salt and 
1 7 of bichromate of potash ; the melted mass is to be 
poured upon a slab and broken into small pieces, and 
being placed in a retort, 40 parts of oil of vitriol are to 
be added ; the entire distils over in a few minutes with- 
out the application of heat ; this compound is a thin 
blood-red liquid, black by reflected light ; on exposure 
to air it gives off copious red i^unes like nitrous acid ; 
alcohol or phosphonis placed in contact with it bums 
with a bright flame ; it is decomposed by water. 

Bichromate of potash (KO. 4- 2 Cr. Oa.) is prepared 
from chrome iron (Fe. 0. + Cr^ Oa.) by exposing a 
mixture of the ore with saltpetre to an intense heat in a 
furnace for some hours. The salt crystalizes after a 
process of lixiviation in large four-sided prisms and square 
tables of a rich orange-red colour ; it melts easily, and, on 
cooling, forms diflerent crystals; and is soluble in ten 
parts of cold water. 

Arsenious acid is dissolved laigely by the caustic and 
carbonated alkalies, but the salts cannot be obtained in 
crystals, and their characters have not been defined with 
certainty. Arseniates of iron, nickel, &c., are formed, 
as also iodide and chloride of arsenic ; this metal coni- 



CHEMISTRY. 197 

bines with sulphur to form a sulphur acid, which forms 
sulpho-arseniates with bases. 

Sesquichloride of antimony (Sb. Ag.). — This salt is 
prepared pure by distilling from a hard glass retort a mix- 
ture of equal weights of sulphuret of antimony, in fine 
powder and corrosive sublimate ; the chloride distils over 
with a gentle heat as an oily liquid, which solidifies 
into a white crystaline mass; it is very deliquescent, 
and becomes soft on exposure to air^ hence called butter 
of antimony. If this salt be mixed with much water 
both are decomposed ; a white oxychloride is preci- 
pitated which is called powder of Alyarotti, firom its 
discoverer. 

Antimonial powder — Jarnes's powder. — This once 
highly-esteemed nostrum is prepared by calcining equal 
parts of sulphuret of antimony and hartshorn shavings, 
in an iron pot, at a dull red heat, until the mass be- 
comes ash-grey ; it is then exposed to a white heat for 
two hours in a loosely-covered crucible; the mass be- 
comes white and is reduced to powder. In the process 
sulphur and the carbon and hydrogen of the hartshorn 
are burned away, and the antimony is converted into 
antimonious acid, of which a small quantity unites with 
the lime of the bone, the rest of the lime remains as 
phosphate mixed with the antimonite of lime and anti- 
monious acid. The composition of this powder varies 
very much ; it seldom contains more than one per cent, 
of antimonite of lime, and this, the only soluble and 
active ingredient, is removed if the powder has been 
washed : it is a mere mechanical mixture of its con- 
stituents. 

Chloride of copper — blrie vitriol (Cu. CI.) is prepared 
by dissolving copper in ctqtia reyia, or oxide of copper in 
muriatic acid ; by the action of an alkali on a solution 
of the chloride the pigment called Brunswick green is 
produced ; it is an oxychloride of copper. 

Sulphate of copper (Cu 0. SOa. HO + 4 HO.) is pre- 
pared on the large scaJe by treating native sulphuret of 
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copper in the same manner as the sulphorets of iron and 
zinc ; it may be prepared by acting upon the metal with 
boiling oil of vitrioly or with dilute sulphuric acid to 
which some nitric acid has been added. It ciystalizes in 
lai^ double oblique riiombs of a fine blue colour, which 
are soluble in four parts of cold and two of boiling water. 
The crystals contain fiye atoms of water, of which one is 
constitutional. 

Nitraie of copper (Cu O. NOa. + S HO) is obtained 
by dissolying copper in dilute nitric acid ; the salt erys^ 
talizes in oblique rhombs of a rich blue colour, and| 
sometimes, in paler riiomboidal plates which contain six 
atoms of water; it deflagrates violently when thrown 
on burning coab, or when struck on^ an anvil with a 
little phosphorus. If some of the salt be wrapped up 
tight in tin foil it becomes very hot, swells, fumes, and 
oxidizes the tin so rapidly, that in some points brilliant 
sparks are thrown out. 

Arsenite of copper (HO. 2 Cu. 0. -f" As. O3.) is ob- 
tained by the decomposition of arsenite of potash and 
sulphate of copper; it is a fine apple-green powd^, and 
constitutes the pigment named Sehtdes green. A more 
beautiful pigment, known under thename of Sckweinfurt 
green, or Emerald green, is a compound of acetate of 
copper and arsenite of copper. 

Iodide of lead, (Ph. I.) is formed by adding iodide of 
potassium to a solution of nitrate of lead ; t^e precipi- 
tate is of a bright lemon-yellow colour, soluble in 1235 
parts of cold and 194 of boiling water ; the solution is 
colourless, and, on cooling, deposits bright gold-<oloured 
six-sided plates. 

Sulphate of, lead (Pb O. SOa.) is found in the mineral 
kingdom in large transparent rhombs, isomorphous with 
sulphate of barytes ; it may be procured by adding sul- 
phuric acid, or sulphate, to any solution of lead ; it is so- 
luble in strong acids. 

Nitrate of lead is obtained by dissolving lead in dilute 
nitric acid, and evaporating the solution. Phoephate rf 
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Jbodfisfiimied bj'ihe aetiKi <^ JihtqslHle tif Mda on a 
vohitioB.' of idtzBte of lead. 

Chromate of lead — chrwne yellow (Pb 0. Cr. Os.) is 
formed by mixing solutions of nitrate of lead and bi« 
chromate of potash ; the precipitate is a fine lemon- 
yellow powder^ insoluble in water ; it is found native in 
ruby-red crystals constituting red lead ore. This salt is 
much used as a pigment^ and is made on a large scale ; 
in commerce it is ^und of various shades of yellow and 
orsDge> consisting of a mixture of neutral and basic chro- 
inates. Basic chromate is of a bright vermilion colour, 
and is called chrome red. 

Nitrate of btemuth^Qi^, 0,. -h3 NO5. -h 9 HO.) is 
formed by dissolving the metal in dilute nitric acid ; rhom- 
boidal crystals are formed on evaporation and cooling ; 
these deliquesce. This salt is decomposed by water> and 
forms, according to circumstances, one or other of two 
basic salts ; these subnitrates are employed in medicine, 
and are used indiscriminately ; one is formed by decom- 
posing the crystals without excess of acid, and the other 
by acting on them with excess of acid ; both yield veiy 
nearly the same amount of oxide. 

Chloride of eiher (Ag. CI.) exists as a native ore of 
silver, called kom-'Silver ; it may be formed by mixing 
a solution of common salt with a soluble salt of silver, 
by which a curdy white precipitate is formed, insoluble 
in water and acids, but soluble in water of ammonia \ 
it fuses below redness and forms a homy mass, whence 
its old name. Recently precipitated, it is exceedingly 
sensible to the action of Ught, and, on exposure to the 
sun's rays, becomes pink, violet, and, finally, black ; to 
effect this change organic matter or water must be pre- 
sent, with the hydr^en of which the chlorine combines, 
and a thin layer of suboxide, or of metal, is formed. 
The properties of this salt in relation to light are of great 
importance in photography. 

Iodide of silver (Ag. I.) is obtained by decomposing a 
soluble salt of silver by iodide of potassium ; a primrose- 
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yellow precipitate is formed, insoluble in water, and 
nearly insoluble in strong water of ammonia ; it is easily 
fusible, becoming opaque on cooling. In certain condi- 
tions this salt is more sensitive than the chloride^ and is 
the basis of Daguerre's photographic process. 

Hyposulphite of silver (2 Ag. O. + Sg. Og.) is pre- 
pared by decomposing a neutral solution of nitrate of 
silver by a solution of hyposulphite of soda; a white 
precipitate is formed which is soon changed into black. 
The solution of this salt is extremely sweet. A solution 
of hyphosulphmx)us acid forms with chloride of silver an 
intensely sweet solution, and the alkaline and earthy 
hyposulphites dissolve most of the salts of silver, forming 
double salts of exceedingly sweet taste. 

Nitrate of silver (Ag 0. NO5.) is prepared by dis- 
solving granulated silver, or silver in small fragments^ in 
dilute nitric acid. At first, no gas is evolved, as the 
nitric acid dissolves the nitric oxide formed, but copious 
red fumes are disengaged towards the end of the process. 
By evaporation and cooling the salt is made to crystalize 
in colourless rhomboidal plates, often four inches across ; 
these are anhydrous. The salt is soluble in its own 
weight of cold water : heated to about 450° it melts into 
a colourless liquid, which, poured into silver moulds, 
forms, when congealed, the lunar caustic used as an 
escharotic by sui^eons. The fused salt should be snow- 
white ; it is not affected by light, unless organic matter 
be present, when it becomes black, silver being reduced ; 
whence its use as a marking ink and hair-dye. It yields 
its oxygen readily to combustible bodies ; if a few grains 
of it be placed on an anvil with a bit of phosphorus, and 
struck with a hammer, it will explode ; it is reduced to 
the metallic state from its solutions by all deoxidizing 
agents. 

Chloride of mercury — Corrosive stMimate (Hg. CI.) 
may be prepared by dissolving red oxide of mercury in 
muriatic acid, and evaporating; the salt crystalizes in 
long right-rhombic prisms generally opaque. The cor- 
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roBive sublimate is generally prepared by the dry way, 
the basis of which is^ exposing to a red heat in a retort^ 
equal weights of sulphate of mercury and common salt ; 
the chlorine of the common salt is sublimed in combina- 
tion with the mercury^ whilst the oxygen and acid unite 
with the sodium ; chloride of mercury and sulphate of 
soda being formed. The sublimed chloride crystalizes 
in right-rhombic prisms ; its sp. gr. is 5*4 ; it melts at 
509"" ; it is soluble in two parts of boiling and in twenty 
of cold water ; it is soluble in 2^ parts of cold alcohol 
and in three parts of cold ether ; it dissolves more readily 
in muriatic acid and solutions of the alkaline chlorides 
than in water ; with these it forms very soluble double 
salts^ of which the double chloride of mercury and am- 
monium is used in pharmacy. 

Subchkride of mercu/iy — calomel (Hg. CI.) may be 
prepared either by precipitation or by sublimation. By 
the first process nine parts of mercury are to be digested 
in eight parts of nitric acid of sp. gr. V%5, without heat, 
until no more mercury appears to dissolve^ and the liquor 
begins to assume a yellow colour. To this solution is 
added one containing eight parts of common salt^ dis- 
solved in %60 parts of boiling water, to which a little 
muriatic acid may be added; when the solutions are 
mixed the calomel precipitates. Nitrate of the suboxide 
of mercury is formed by the solution of the metal in the 
acid^ and upon the addition of the chloride of sodium 
nitrate of soda and subchloride of mercury are formed. 
Sublimed calomel is prepared by rubbing four parts of 
corrosive sublimate and three parts of metallic mercury 
together until no trace of the metal shall be seen ; the 
mixture is to be then sublimed by exposing it to heat in 
an earthen pot to which a glass head is fitted. Sublimed 
calomel may be prepared by a different process. The sub- 
limation must be repeated to complete the decomposition^ 
and as the mass always contains some undecomposed chlo- 
ride, it must be carefully levigated and washed with boil- 
ing water ; the washings are to be repeated as long as the 
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liquor tur&B milky on tlie addition of fiRBte of i 
The precipitated calomel ie a pme iviiite powder; tfae 
toUimed a eryitaline man whose primitive Ibnn is a 
square prism. Calomel is insoluble in water. The 
sijj>limed calomel maybe obtained in a state of veiy 
minute division by conducting its vapour into a vessel 
containing boiling water, by the vapour of which the ca* 
lomel is condensed and falls into a very fine powder. 
The presence of sublimate may be detected by boiling 
the calomel for a few minutes in alcohol, and adding a 
few drops of water of ammonia ; a white precipitate is 
formed if sublimate be present. Calomel is converted 
into sublimate and mercuiy by boiling it with muriatic 
acid, or with solution of common salt, or sal ammoniac. 

Iodide of mercwry (Hg. I.). Red iodide may be 
formed by tritumting mercury and iodine with a few 
drops of alcohol; this compound is dark red, but it 
may be obtained of a brilliant red colour by precipitating 
a solution of corrosive sublimate with an equivalent of 
iodide of potassium. 

Sesqui^iodide of mercury y or ydhw iodide (Hg*. I,.) is 
prepared by decomposing a solution of iodide of potas* 
alum, to whidi half as much iodine as it already con- 
tained has been added by a slight excess of the solution 
of subnitrate of mercury ; the precipitate is a bright 
yellow powder which, having been cautiously dried vrith 
little exposure to light, is employed in pharmacy. 

Stdphate of mercury (Hg 0. SOb.) is prepared by 
boiling oil of vitriol on mercury until it is converted into 
a white saline mass, from which excess of acid is ex- 
pelled by heating it to redness. The salt is a white 
powder which, by a large quantity of water, is resolved 
into free acid and a basic sulphate known by the name 
of turpeth mdneroL 

Perchloride of gold (Au. Cla.) is formed by dissolving 
gold in (tqita regia^ and evaporating cautiously to dry- 
ness ; the salt is obtained as a ruby-red crystallne mass ; 
its solution in water is yellowish red, acid^ and is 
decomposed by the light. It is soluble in alcohol and 
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eih&tf from wbidi last it is d^posit^d in the metallic 
Btate iqpon evapcnation^ and in this way gilding on steel 
and on some other smlaoes is effected. SubcMonde of 
goid (Au. CI.) is prepared by heating the chloride to 
to about 4d0% in a porcelain dish, and stirring it yeiy 
eaxefully until no more chlorine is giyen off ; a yellowish- 
white mass remains^ insoluble in water, by which it is 
gradually resolved into chloride and metallic gold. A 
ehloride solution of gold free from excess of acid can be 
procured only in this way. In a photographic process, 
discoyered by Sir John Herschell, a neutral solution of 
chloride of gold is ^nployed as the sensitive compound, 
and the process is accordingly named the chrysotype. 



CHEMISTRY OF ORGANIC BODIES. 

Thb composition of organic bodies is generally much 
more comf^ex than that of mineral substances. There 
is only one instance of an atom of an organic compound 
containing but two simple atoms ; and carbonic acid and 
cyanogen are the only examples of an organic atom 
being constituted by three simple atoms. The number 
of atoms which forms an organic body is sometimes very 
great ; thus, an atom of fdbumen is composed of 883 
simple atoms, and an atom of spermaceti comprehends 
468 simple atoms. Notwithstanding the immense num- 
ber and great variety of organic products, the animal and 
yegetable kingdom may be said almost entirely to- con- 
sist of six elements ; of these, sulphur and phosphorus 
are rare; nitrogen exists more extensively, in animal 
substances especially ; oxygen and hydrogen iire found 
in nearly all, and carbon is a constituent of all bodies 
animal and vegetable. There are many elements, how-< 
ever, which, though not actually entering into the com- 
position of organic bodies, are found intimately associated 
with them, and perform important functions in relation 
to them. Iodine and bromine are found in many marine 
plants and sponges ; in most animal and vegetable juices 
common salt and oxygen salts of potash, soda, lime, and 
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magnesia exist ; the bony skeleton of one race of animals 
is composed of phosphate of lime ; carbonate of lime con- 
stitutes the testaceous covering of another section of the 
animal kingdom ; and the rudimentary skeleton of the 
lower species of zoophytes is formed of silica. Iron is 
an essential element of the red colouring matter of the 
blood; it is also found in other parts of the animal tissues ; 
and in the bones and teeth traces of fluorine and silica 
are found. These elements, however^ save in the case 
of the iron in the colouring matter of the blood cannot 
be said to possess vitality^ as they exist in an inorganic 
state^ either held in solution by the animal fluids or 
deposited in a solid shape. 

Oiganic bodies may be divided into three primary 
classes : the first of these comprises the organised ele- 
ments of the' living structure^ which, by the function of 
life, are enabled to create fi:x)m certain nutritious juices 
elements similar to themselves. The exact relations of 
these elements to each other we are unable to determine, 
as they are not regulated by the laws of ordinary affi- 
nity. By the conjoint vital action of these elements 
bodies of the second class are produced: thus, fix>m 
water, carbonic acid, and air, the vital action of plants 
secretes sugar, starch, and albumen. The third class of 
oiganic bodies comprises those produced by the decom- 
position, spontaneous or artificial, of the former two ; 
thus sugar, by fermentation, yields alcohol and carbonic 
acid ; and woody fibre when heated to a certain extent 
produces a number of orgtuiic compounds. 

Compounds of nitrogen and hydrogen. — The properties 
of carbon^ the most general oiganic element, have been 
already discussed. The compound of nitrogen and hy- 
drogen called ammonia, or the volatile alkali, ranks next 
in importance ; it is produced in nearly every reaction 
when the gases are brought together. When an electric 
spark is passed through damp air, nitric acid and ammo- 
nia are formed ; ammonia is evolved in large quantities 
by the decomposition of organic matter containing nitro- 
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gen^ and when they are distilled at a high temperature ; 
it is contained in the sweat of animals^ is exhaled by the 
fioinrers of many plants^ and by the leaves of cruciferous 
plants. For chemical purposes it is obtained from the 
muriate of ammonia or sal-ammoniac, which is manufac- 
tured in laigel quantities for commercial purposes. A 
mixture of equal parts of sal-ammoniac and slacked lime 
is heated in a fladc, and the gas eyolved is to be passed 
through a tube containing dry lime or fused potash (by 
-yv^hich any moisture is absorbed), and then collected over 
mercury. Ammonia is colourless and transparent : its 
odour is strong, pungent, and irritating, being the well- 
known smell of hartshorn ; when dry it has no action on 
vegetable colours, but if moisture be present, its reaction 
is powerfully alkaline ; the brown colour imparted by it 
to turmeric paper is discharged by heat, which distin-^ 
guishes it from the colour given by the fixed alkalies or 
earths ; it is liquefied by a pressure of 6-^ atmospheres, 
or at a temperature of — 6P; it is caustic and poison- 
ous when inspired. Ammonia is slightly combustible, 
but does not support combustion ; it is decomposed by 
passing a series of electric sparks through some of the gas 
confined over mercuiy, and is resolved into three volumes 
of hydrogen and one of nitrogen ; its fonnula, therefore, 
is NHs. ; it may be decomposed in a variety of ways. 
Water at 32° takes up 780 times its volume of ammo- 
nia ; great heat is evolved during the absoiption ; and the 
solution, which is increased two-thirds in volume, has a 
sp. gr. of 0*872, and boils at l^O"*; it holds about 32 
per cent, of ammonia, and is called water of ammonia, 
and incorrectly liquid ammonia ; for ordinary pinrposes 
this fluid need not contain more than 18 per cent, of 
gas ; its sp. gr. is then 0*930. The water of ammonia 
possesses, in an eminent degree, all the characters of the 
gases : it neutralizes the strongest adds, and as a base 
ranks next to lime : its action on chlorine is violent and 
accompanied by flame, sal-ammoniac being formed and 
nitrogen set free. Free ammonia is recognised by its 
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odour, by its OTanescent stain upon turmeiic paper^ aadita 
forming dense white fumes on the approaeh of a glass rod 
moistened with strong muiiatie acid; all substances which 
contain it are either volatilized by heat or decomposed, 
the ammonia being liberated ; in all cases, by heating 
the substance with moist caustic potash, ammonia is 
evolved. The most remarkable property of ammonia is, 
that in acting on metallic compounds, and on certain or-« 
ganic acids, it abandons an atom of hydrogen, and the 
remaining NH^ . combines with the metal or with the add: 
From this &ct Dr. Kane concluded, that NH,. should be 
regarded as the radical of ammonia, and named it amid»* 
gene (Ad.)* Ammonia is therefore an amidtde ofhydro* 
geut and is thus assimilated in constitution to chloride of 
hydrogen. This view has been almost unanimously 
adopted. 

Ammonia and chlorine. — ^By inverting a bottle-full of 
chlorine gas over a cup containing solution of sulphate or 
muriate of ammonia, the gas will be gradually absorbed, 
and a heavy yellow liquid will collect in globules in the 
bottom of the cup. The utmost caution must be used in 
manipulating this substance. If it be strongly rubbed, 
or struck, or touched with any greasy body or with 
phosphorus, it explodes with tremendous violence; a 
globule of about the size of a pin's head, exploded in a tea- 
eup, will shatter it to pieces. Sir H. Davy fotmd that, 
when decomposed over mercury, it gives nitrogen and 
chlorine in the proportion of one to three, and hence it 
was pronounced chloride of nitrogeny under which name 
it is described in most of the books: traces of sal-ammo- 
niac, however, are found when it is decomposed, and it 
must consequently contain hydrogen. 

Iodine and ammonia form a compound so explosive, 
that when rubbed, even under water, it detonates ; and 
by the action of ammonia on metallic oxides a mimerous 
dass of bodies may be formed, all of which possess deto- 
nating properties. The most violent of these compounds 
is ammoniurel of eUver, prepared by digesting recently 
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prepared oxide of silver in water of ammonia, or by dis-» 
solving nitrate of silver in an excess of water of ammo* 
xiia^ and precipitating the solution by caustic potash ; it 
is a brown powder, which detonates violently on the 
slightest friction or shock ; when exploded it is said to 
produce water, nitrogen, 'and metallic silver. Ammo-*' 
niuret ofgdd is produced by the action of water of am- 
monia on peroxide of gold ; it is a brown powder nearly 
as explosive as the former one. These compounds are 
called y^^^nma^m^ 9^ver or gold. 

Ammonia is absorbed in large quantities by the chlo^ 
ride of phosphorus and of sulphur ; and compounds are 
fnroduced having singular properties. 

Most metallic salts absorb ammonia when exposed t6 
a current of the dry gas, and some metals are remark*^ 
able for the character that ammonia, when added to 
these solutions, produces precipitates which contain either 
ammonia or amidogene, as in the case of mercury ; or by 
an excess of ammonia the precipitate is redissolved, and 
soluble compounds are produced containing ammonia^ as 
in the case of zinc. The number of these compounds is 
very great, but the most interesting of them are the am- 
numia salts of xinc, ammonia salts of copper, ammonia 
salts of nickel and ofcMU, ammonia stilts- of silver, 
€md ammonia salts of mercury. 

Important compoimds are formed by the action of 
ammonia upon the haloid salts of mercury. When 
chloride of mercury is heated in a current of dry ammo- 
ni&cal gas, it unites with the gas, forming a white ^sible 
and volatile compound, the formula of which is 2 Hg. 
CI. +*HAd. ; by contact with water this body is re- 
solved into sal-alembroth and white precipitate ; the first 
a compound of sublimate and sal-ammoniac ; the second 
a white powder^ the constitution of which will be under- 
stood by attending to the following facts. If a slight 
excess of ammonia be added to a cold solution of corro- 
sive sublimate, a copious white precipitate falls^ and the 
liquor is found to contain half the chlorine of the subli- 
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mate combined with hydrogen and ammbhia/ as sal* 
ammoniac ; the white powder, known to the earlier che- 
ndists as white precipitate of mercury^ contains the 
mercury and the remaining half of the chlorine of the 
sublimate ; it was supposed -to contain ammonia and 
oxygen, but Dr. Kane has proved that it contains only 
the elements of amidogene, and no oxygen, — ^that it is, 
in &ct, a chloro*amidide of mercury ; it is insoluble in 
cold water, is decomposed by boiling water, and when 
suddenly heated is converted into calomel, nitrogen^ and 
ammonia. 

In all these cases ammonia enters into combination 
with acids, bases, haloid and oxygen salts, in a manner 
that assimilates it to chloride of hydrogen, and removes 
it from any analogy with alkalies, which in other respects 
it strictly resembles. The distinction is, that when it 
acts as an alkali, ammonia is associated with water. 
To explain the necessity of the presence of water a 
theory was proposed, according to which it was consi- 
dered that the ammoniacal salts do not contain ammo- 
nia, but another compound of nitrogen and hydrogen, 
NHo which is metallic, and in all general characterB 
like potassium ; to this body the name of ammonium 
was given. The theory. accords with experiment, as in 
every oxygen salt of ammonia there is as much water 
as may form with the ammonia oxide of ammonium 
(NH4. 0), and in every haloid salt the electro-negative 
body is combined with as much hydrogen as may con- 
vert the ammonia into the compound metal; thus, 
NH3. HO 4- SOb. and NHs. + H CL would give 
NH4. + S0». and NH4. CL The theory derived 
additional strength from the formation of a remarkable 
body called the ammoniacal amalgam. If the negative 
pole of a galvanic battery be constituted of a globule (^ 
mercury immersed in water of ammonia the mercury 
will increase to fifty times its volume, become semi-fluid 
and covered with warty excrescences, and finally so 
light as to float on water ; no hydrogen is evolved from 
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.its sur&ce^ but oxygen is abimdantly given off from the 
positive electrode. If the current be interrupted a co- 
pious disengagement of hydrogen takes place from the 
metallic body ; ammonia also is given off by it, and it 
soon assumes its origiiud shape; this decomposition 
may be retarded by cold, the pasty mass may be re- 
moved irom the fluids and at a temperature of O"" it will 
crystalize in cubes ; if decomposed, when dry, over mer- 
cury^ it evolves ammonia and hydrogen in the proportion 
of two to one by volume, which indicates that the mercury 
is combined with a body which consists of NH4., and as 
the mercury loses none of its lustre the compound formed 
is an alloy, or, more properly, an amalgam, and NH4. 
is of a metalic nature. These phenomena may also be 
observed by dissolving one grain of potassium in a 100 
grains of mercury^ and dropping the globule into a glass 
containing strong solution of sal-ammoniac ; by the ac- 
tion of potassium and mercury on chloride of ammonium 
chloride of potassium and the amalgam^ Hg. NH4., are 
produced ; the globule of mercury swells rapidly, and 
the amalgam has sufficient permanency to be examined. 
Muriate of ammonia — sal ammoniac (CI. H9. Ad.)* 
This salt was originaUy brought from Africa^ but is now 
manufactured on a large s^e from the ammoniacal 
liquor obtained by the destructive distillation of homs^ 
bones, coals, and all such organic matters as contain 
nitrogen. By adding to the liquor muriatic acid in 
sl^ht excess, and then evaporating and cooling, the sal- 
ammoniac IS obtained in small crystals, which are puri- 
fied from tarry matter by re-crystalization^ and sublimed 
from cast-iron pots, placed in a furnace lined with fire- 
tiles, into leaden heads which are adapted to the pots. 
The salt is then a coherent hemispherical mass, and, if 
pure, is free from yellow stains and nearly transparent. 
It is very soluble in water ; crystalizes both by subli- 
mation and solution in cubes and octohedrons; it is 
slightly deliquescent, and is soluble in alcohol ; it vola- 
tilizes below a red heat, and when heated with lime or 
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potash it yields ammonia ; its fomiula is H CI., H Ad. 
being an equivalent of each element, by the direct union 
of which it may be formed. When equal volumes of 
dry muriatic acid gas and ammonia are mixed^ the gases 
disappear and a snow-white powder of sal-ammoniac is 
formed. Sal-ammoniac enters into the composition of 
a great number of double salts. 

H^droaulphurei of ammonia is formed bypassing sul- 
phuretted hydrogen into water of ammonia. The solu- 
tion turns yellow on exposure to the air, owing to the 
absorption of oxygen and liberation of sulphur which is 
held in solution. 

Nitrate of ammonia (Ad. H^. 0. NO^.) is formed by 
neutralizing nitric acid by ammonia; its crystals are 
striated hexagonal prisms ; isomoiphous with nitre ; of 
a bitter saline taste ; deliquescent and very soluble in 
water ; when heated they fuse at 2£{0°^ and at about 
460° are rapidly decomposed into nitrous oxide and 
water. When heated with combustible bodies this salt 
deflagrates violently. 

The carboTiate of ammonia^ used medicinally^ is pre- 
pared by subliming in a suitable apparatus a mixture of 
one part of sal-ammoniac with two of powdered chalk ; 
chloride of calcium and carbonate of ammonia. are pro- 
duced. The sublimed salt is a crystaline semi-transpa- 
rent mass, and was considered a sesquicarbonate^ but it 
consists of two mixed carbonates ; neutral carbonate of 
ammonia exists only in combination, and its compounds 
are very numerous. 

CYANOGEN (Cg. N., or Cy.). 

This compound does not exist in nature ready formed, 
but it can be procured in an isolated state, and its com- 
pounds may be generated directly from it as if it were 
a simple body. The kernels of peaches,' plums, bitter 
almonds, and the leaves of the cherry-laurel yield, by 
distillation, prussic acid, which is a cyanide of hydrogen. 
Cyanogen may be formed abundantly by bringing its 
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elements together at a high temperature in contact with 
any substance with which it may unite ; as when an 
organic substance containing nitrogen is calcined with 
potash the nascent carbon and hydrogen unite and cya* 
nide of potassium is formed. Cyanogen may be gene- 
rated in different ways. To obtain it pure^ cyanide of 
silver is to be introduced into a small glass retort^ and 
heated to just below redness ; the cyanide is resolved 
into silver and cyanogen; the latter comes over in a 
gaseous form^ and must be collected over mercury. 
Cyanogen is colourless ; has a sharp smelly and irritates 
the eyes ; its sp. gr. is 1819 ; it may be condensed by 
a pressure of about four atmospheres, and is then a co- 
lourless fluid ; it is combustible^ burning with a beautiful 
rose-coloured flame^ and producing two volumes of car- 
bonic acid and one of nitrogen ; it consists of equal vo- 
lumes of carbon vapour and nitrogen^ the two volumes 
being condensed into one ; it dissolves freely in alcohol 
and in water, but very complex changes soon take place 
in the solutions. Cyanogen combines directly with hy- 
drogen and with the metals ; with oxygen its combina- 
tions are indirect ; these are three in number^ all acids ; 
it unites also with sulphur. 

Ftdminic cicid (Cy^. O^. + 2H0.), remarkable for 
forming salts which detonate^ is prepared by the action 
of nitric acid on alcohol, oxide of mercury or of silver 
being present ; the products are numerous and the re- 
action very complex, formic, acetic, oxalic acids, &c., 
being formed. 

Fulminate of silver (Cy^, Og. + 2 Ag 0.) is pre- 
pared by dissolving silver in ten parts of nitric acid, 
sp. gr. 1'35, and pouring the solution, when cold, into 
twenty parts of rectified spirits of wine ; the mixture is 
to be gently heated till it be^s to boil, and then left 
to cool slowly ; fulminate of silver is deposited in fine 
silky crystals, snow-white, and of equal weight with the 
silver employed ; it is sparingly soluble in cold water ; 

it detonates by the slightest shock, or by contact with 

p2 



212 CHEMISTRY. 

sulphuric acid. A more explosive oompound is formed 
by dissolving this one in warm dilute nitric add; half of 
the silver is removed and replaced by water : add ful- 
minate of silver crystalizes out of the liquor. 

Fulminate of suboxide of mercury (Cj^, 0^. + 2 
Hgo. 0), the most important salt of fiilminic acid, is 
pre()ared by dissolving mercury in nitric acid, and treat- 
ing it with alcohol, as in preparing fulminate of diver ; 
wlien the solution cools metcdlic mercury and the fulmi- 
nate of the suboxide are depodted ; the latter in hard, 
opaque white, generally very minute crystals, which, 
when washed and re-dissolved in boiling water, ciys- 
talize in line silky needles. This salt detonates when 
struck between two hard bodies, and is extendvely em- 
ployed in the manufacture of percussion caps. 

Cifanide of hydrogen — hydrocyanic aeid^ or prussic 
acid (Cg N. H.) may be formed by the direct combina- 
tion of hydrogen and cyanogen ; and it is found in the 
water distilled from bitter almonds, or from the leaves 
of the cherry-tree laurel, being produced from the decom- 
position of a substance, called amygdalincy contained in 
those plants. For practical purposes it may be prepared 
by several indirect processes. If vapour of formiate of 
ammonia (Cg. HO3. -f- NH^. 0.) be passed throu^ a 
red-hot porcelain tube it is converted into prussic acid 
and water (Co N. H. and 4 HO.). By passing ammo- 
nia over red-hot charcoal hydrocyanate of ammonia is 
formed. For the preparation of it on a large scale, the 
yellow prussiate of potash of commerce is used. This 
salt consists of cyanide of iron united to cyanide of po- 
tassium ; by the action of sulphuric acid three-fourths 
of the latter are decomposed, bisulphate of potash is 
formed, and prussic acid is liberated, the cyanide of iron 
remaining united to the other fourth of cyanide of potas- 
sium. Ftussic add is a colourless fluid ; its sp. gr. at 
67'' is 0*6969 ; at 5"" it congeals into a mass of fibrous 
crystals, and it boils at 80® ; it imparts an evanescent red 
stain to litmus ; it has a very pungent suffocating odour, 
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resembling that of bitter almonds ; its taste is bitter and 
acrid : it bums with a bright blue flame^ and it is in- 
tensely poisonous. Anhydrous prussic acid decomposes 
rapidly, especially when exposed to light, forming am- 
monia and a brown substance, the composition of which 
is not well known ; in contact with a strong acid it pro- 
duces formic acid. For medical purposes this acid is 
prepared in a very dilute condition ; that prescribed in 
the London Pharmacopoeia contains about 2 per cent, of 
real acid, that in the Edinburgh Code about 4 per cent., 
and the Dublin preparation contains about 1*5 or 1*6 of 
acid. Prussic acid is easily detected ; its solution gives 
with nitrate of silver a precipitate of white cyanide of 
silver; insoluble in strong nitric acid when cold, but 
soluble by boiling ; it is soluble in ammonia. There are 
many other means of detecting it, all of easy appli- 
cation. 

Cyanogen forms compoimds with chlorine and iodine, 
and with the metals very numerous combinations; of 
these the following are the most important. 

Cyanide of potassium (K. Cy.) may be formed by 
the direct union of its elements ; or by adding an excess 
of acid to a solution of potash, and evaporating rapidly, 
without the access of air ; it is also formed whenever 
carbonaceous matter is calcined in contact with potash, 
if nitrogen be present ; the mass being digested in weak 
spirit of wine deposits cubic crystals on cooling. 

Cyanide of mercury (Hg. Cy.) may be obtained by 
boiling two parts of prussian blue with one of red oxide 
of mercury and eight of water until the residue becomes 
red brown ; cyanide of mercury is deposited in crys- 
tals from the filtered liquor. This salt forms compounds 
vnth alkaline cyanides, bromides, and chlorides^ Prussic 
acid was formerly prepared from this substance. 

Protocyanide of iron (Fe. Cy.) is not obtained in an 
isolated form, but it enters into combination with the 
other metallic cyanides forming double salts. As the 
iron in these salts cannot be separated by an alkali ; it 
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STTARCH, LIONINB; GUM, SUGAB, AND THEIB PRODUCTS. 

These substances exist in abundance in most plants, 
difiEering somewhat in character according to the plant 
'wrlience they are obtained : they serve the most import- 
ant uses in the vegetable economy^ furnishing the material 
from virhich the tissues and secretions of the plant are 
elaborated. They have a similarity of constitution ; all 
contain 12 atoms of carbon, united to oxygen and hydro- 
gen in the proportions to form water. The changes of 
these bodies from one to another may be accounted for 
by the alteration in the proportions and chemical relations 
of the watery element, effected by the action of other 
bodies. 

Starch is found in most plants, and in all parts of 
them ; it is procured from the seeds of farinaceous plants, 
from the tubers of the potatoe, from the root of Jatropha 
Tnanihot as {tapioca or cassava), from the root of the 
maranta arundinacea (as arrow root), and from the stems 
of palms, as sa^us rumphii from which sago is obtained. 
In the plant starch exists as small white grains, imbedded 
m the cellular tissue ; these grains differ in size in almost 
every plant ; those of the potatoe, which are the largest, 
do not exceed -j^ of an inch in diameter; those of 
arrow root, which are amongst the smallest, do not ex- 
ceed ^^-Q- .of an inch ; they differ also in form, some 
being globular, some oval, and some irregular ; each 
grain is formed by a number of concentric layers, increas- 
ing in density and consistence from the centre, the exter- 
na one resembling a membranous bag filled by a softer 
substance. Grains of starch are insoluble in cold water, 
but are soluble in boiling, save the outer layers, which, 
floating in the fluid, impart to it the appearance peculiar 
to boiled starch; the solution gelatinizes on cooling; 
if it be dried at a gentle heat, and digested with cold 
water, a colourless transparent solution of starch may 
be obtained by filtration, which separates the outer 
layers. 
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Starch is converted into sugar by the vital action of 
the plant ; this change constitutes the scuxharinefermen- 
tationf which is artificially produced in the process of 
malting grain. When starch is- heated above 240® it 
becomes soft and brown ; if the heat be increased until 
the mass smokes, it is converted into a substance solu- 
ble in cold water^ and is known under the name of 
British gum. 

By the action of reagents starch is made to undergo 
many singular changes ; by boiling with dilute sulphuric 
or muriatic acid, it is changed successively into gum, 
sugar, and a substance called saccharine ; by boiling it 
with nitric acid, saccharine and oxalic acids are formed ; 
but its most remarkable property is the production of a 
compound of an intense blue colour with iodine. The 
composition of starch in every instanca is in symbols, 
Cis, H,o. Oio., or 12 of carbon, 10 of hydrog^, and 10 of 
oxygen. 

Inuline is a kind of starch found in the roots of the 
inula, dahlia, and many other plants ; it is distinguished 
from common starch by its solution being tinged yellow 
by iodine. 

Lickenine is a variety of starch found in many lichens, 
especially Iceland moss, and Irish moss, or Carrigeen 
(spkerococctia crispua) ; it gives with iodine a gie^ush 
brown colour. 

Woody fibre, — By treating wood successively and fire- 
quently in dilute acids and alkalies, in alcohol and in 
water, every soluble constituent of it is removed, and a 
substance remains, the composition of which is constant, 
and consists of Cia. Hg. Os. ; this is named lignine, and 
constitutes the wood, properly so called, of the plant : 
of it are formed the tubes and cells of the vegetable tis- 
sue, and the tough fibres of flax, cotton, and hemp. 
Lignine forms some compounds which are of great prac- 
tical importance ; thus, if Unen or cotton cloth be dipped 
in a solution of a salt of alumina, the lignine unites with 
the alumina, setting the acid free, and thus serves to fix 



CHEMISTRY. 217 

Upon the cloth the various colouring matters used in dye- 
ing ; oxides of iron and of other metals have a similar^ 
though weaker, affinity for Hgnine. Lignine when pure 
is -white ; the bleaching of linen, cotton, and of other 
substances formed by lignine consists in getting rid of the 
resinous and other colouring matters which exist in the 
fibres and cells of plants ; this is effected by the action of 
air or of chlorine ; the lignine itself resists the action of 
bleaching agents if not applied in a highly concentrated 
form. With cold nitric acid lignine forms a substance 
called xyloidine ; it may be obtained by immersing a 
piece of paper in cold nitric acid, and then washing it 
Tvell in pure water ; it presents the feel and toughness of 
parchment, and bums like tinder. By the action of 
hot nitric acid lignine is converted into oxalic acid ; by 
sulphuric acid it is converted into gum, and finally into 
sugar. By submitting sawdust for some hours to the 
action of a warm solution of potash, a considerable quan- 
tity of starch will be produced ; pure lignine, however, 
contains none. Lignine remains unaltered for an inde- 
finite time in dry air, or under water free from air ; but 
when exposed to the action of air and water it absorbs 
oxygen ; carbonic acid and water are given out, and those 
products are formed which constitute vegetable soil suited 
to the nutrition of plants. 

Gum, — Of this substance to which the names of 
wrabine^ eerasine, and dextrine may be applied, the first 
two are natural products. AraMne exists in the juices 
of many species of acacia and prunus ; exuding from cre- 
vices in the bark, it forms ih%gum arabic axid gum Senegal 
of conunerce ; it is contained in large quantities in the 
roots of mallow and of many other plants ; it is soluble 
in water but not in alcohol ; it forms with bases insolu- 
ble compounds : by the action of sulphuric acid it is gra- 
dually converted into dextrine, and finally into sugar ; 
with nitric acid it forms mucic acid, and afterwards 
oxalic acid ; it gives a precipitate with silicate of potash : 
the formula of arabine is Cia. Hn. On. Tragacanthinef 
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or vegetaUe mticuBy is found in cherry-tree gum mixed 
with arabine, but exists purer in gum tragacanth, in 
flax seedj and in quince seed ; it forms a tenacious fluid 
with water, which it appears to combine with rather 
than dissolve in ; it is precipitated by basic acetate 
of lead, and by alcohol, but not by silicate of potash ; 
with sulphuric and nitric acids it forms the same products 
as arabine. Salep is dried tragacanthine, obtained from 
the roots of various species of orchis. Dextrine is formed 
from starch in germination, and may be obtained by 
treating starch in dilute sulphuric acid ; when dried it is 
a pale yellow mass of a vitreous fracture ; it is not adhe- 
sive ; it is precipitated by a solution of basic acetate of 
lead, but not by silicate of potash ; its composition is 

Stigar, — There are various species of sugar, all charac- 
terized by being capable of undergoing the alcoholic fer- 
mentation. Of these the most important is cane sugar, 
the composition of which, when crystalized, is Cj g. Hj q. 
f , and ten atoms of water ; it is found in the juices 
of many plants, and for commercial purposes is extracted 
from the sugar cane, the maple, and the beet-root. Pure 
cane sugar is colourless; its sp. gr. is 1*6; it fuses at 
350° into a clear yellow, and congeals on cooling into a 
hard brittle mass, which after some weeks becomes 
opaque, white, and crystaline. At a heat of 630° 
sugar gives off water, and is changed into a substance 
called caramel; at a higher temperature it is entirely de- 
composed ; it dissolves in three parts of cold water, and 
in all proportions in boiling water ; a saturated solution 
solidifies when cooled ; a strong solution of sugar, when 
kept for some time near its boiling point, is gradually 
converted into imcrystalizable sugar, which is a source 
of loss in its manufacture. Sugar is sparingly soluble in 
absolute alcohol, and moderately in weak spirit ; it com- 
bines with some bases and salts, acting as a feeble add. 
By the reaction of acids upon sugar substances are pro- 
duced which have received the names of glttcoae^ saccktd* 
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Tntne, saccktdmic add, saccharic acid, caramel, and meta" 
4:itane, 

Grape sugar, or glucose, is formed when in crystals of 
Cj 2- Hj J. Oj 1. and 3 atoms of water; it is more ex- 
tensively distributed in nature than cane sugar ; it im- 
parts the sweet taste to fruits, and forms l^e solid part 
of honey ; it is formed in the animal body when afifected 
with the disease called diabetes ; it may be prepared 
from starch, gum, or cane sugar^ by the action of SO 3. 
To convert lignine into sugar, bits of paper or of linen 
are to be treated with their own weight of oil of vitriol, 
till they are converted into an uniform viscid mass, 
avoiding heat ; this is to be diluted, and the liquor 
hoiled for some time, the acid being removed by chalk : 
sugar is obtained by crystalization. Glucose, as it is 
termed by Dumas, crystalizes in hard colourless tables, 
or in gJns of closeg aggregated needles; its sp. gr. is 
1*38 ; it is much sweeter than cane sugar, and less solu- 
ble in water. 

Lignine, starch, gum, and cane sugar, contain each 
the same quantity of carbon, so that their conversion into 
grape sugar may be assumed to depend on the fixation of 
the elements of water; thus lignine consists of Cjg. Hg. 
Oq.j and takes 4 HO. (water) ; 100 parts of sawdust 
give 115 of sugar. Starch C ^ g. H ^ q. O^o, takes 2 HO., 
and 100 parts of it yield ususdly 106 of glucose. 

Lactine, or sugar of milk, is a substance found only 
in the milk of the mammiferous class of animals ; it is 
prepared by evaporating whey to a pellicle and setting 
it aside to cool, when the sugar crystalizes in smaU 
square prisms, white, semitransparent, hard, and gritty. 

Mannite, the sweet principle of manna zxAglycyrrhi-* 
zincy though allied in properties to the sugar, differ from 
it materially, in not being capable of undergoing alcoholic 
fermentation. 

Alcohol. — If a watery solution of sugar be exposed to 
the action of the air it is gradually decomposed, becoming 
brown and sour ; if it be brought into contact with any 
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organic substance undergoing slow decompositioDy 
bonic acid and alcohol will be formed. The active in- 
gredient in this fermentation is ffetut, an azotised body ; 
the property^ however, is common to a great many 
animal and vegetable substances, of which the most im- 
portant for the purpose of fermentation are vc^table 
albumen and gluten. These exist more or less in all 
fruits and seeds, differing in character according to the 
source whence they are derived. When wheaten flour 
in a linen bag is washed with water, starch is re- 
moved and a tenacious paste remains, which consists of 
albumen and gluten mixed; by boiling in alcohol the 
gluten is dissolved, from which solution it is precipitated 
by water, and may be collected and dried; it is pale yel- 
low, forms when soft an adhesive very elastic mass. 
Vegetable albumen is inelastic, and when dried forms a 
hard white mass. In peas and beans a substance is 
found which possesses properties intermediate to those of 
the gluten and albumen of wheat ; this is'called legumin. 
These bodies differ from most vegetable substances in 
containing a large quantity of nitrogen, and in the case of 
legumin sulphur is also a constituent; when burned 
they leave an ash similar to that of animal substance. 
In contact with air and water these vegeto-animal 
bodies are spontaneously decomposed ; carbonic acid, am- 
monia, and other products are generated; and the particles 
of sugar in contact with them are involved in alcoholic 
fermentation. From this action the sugar is protected 
while in the investing membrane of the fruit-cells; 
but when these are broken up oxygen is absorbed, the 
vegeto-animal matter undergoes decomposition, and alco- 
holic fermentation is superinduced on the sugar. Oxy- 
gen is necessary only at the commencement of the decom- 
position, for if the putrefaction of the albumen or gluten 
have commenced, it will extend throughout the mass 
without further action of the air. Artificial ferment, or 
yeast, is a decomposing mass of vegetable gluten or albu- 
men. By distilling any saccharine solution that has 
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undergone this fennentation alcohol is obtained : by re- 
peated distillation it is deprived of most of the water 
which at first comes over with it. In the diluted form 
it constitutes the various spirits of commerce, and in the 
more concentrated state is called spirit of wine, or rectified 
spirit. Alcohol cannot be entirely deprived of water by 
distillation merely; when of sp. gr. 0*813 at 60° it con- 
tains 8*2 "per cent, of water^ its boiling point is 172% and 
it distils over imchanged ; the proof spirit of commerce is 
of sp. gr. about 0*920^ and contains 48 per cent, of abso- 
lute alcohol ; rectified spirit contains about SS per cent, 
of alcohol, and has a sp. gr. of 0*839 at 60^ To obtain 
absolute alcohol^ rectified spirit is distilled at a moderate 
heat over some substance having a stronger affinity for 
water than the alcohol has; of these, dry chloride of calcium 
is the best. Anhydrous alcohol hfis a sp. gr. of 0'7947 
at 60'' ; it boils at 168° ; the most intense cold does not 
congeal it ; its taste is dry and burning, as it abstracts 
water from the tongue ; it is highly inflammable, burn- 
ing with little light ; if some drops of it are poured into 
a jar of oxygen gas, its vapour will form a very explosive 
mixture; it mixes with water in every proportion, con- 
tracting in volume and evolving heat ; the greatest con- 
densation occurs with 54 volumes of alcohol and 50 of 
water, a mixture of which occupies only 100 volumes. 
The formula of alcohol is C^. Hg. Og. 

Eiker may be prepared by any process which deprives 
alcohol of the equivalent of water which it contains; 
thus, by distillation with chloride of zinc, and by a va- 
riety of other processes, alcohol is deprived of water and 
ether obtained. On the large scale ether is obtained 
by action of sulphuric acid upon alcohol ; a mixture of 
equal weights of rectified spirit of wine and of oil of 
vitriol are distilled firom a glass globe at about 260''; 
ether comes over with some water and unaltered alcohol ; 
as the distillation proceeds the quantity of sulphuric acid 
exceeds that of the alcohol, upon which its action is al- 
tered ; the mixture becomes darkened in colour,^ a sub- 
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stance distils over called oil of wine, and the formation 
of ether is diminished : Sulphurous acid and olefiant gas 
are evolved, and the mixture becomes thick and blacky 
and froths up. By the addition of a small but continuous 
stream of rectified spirit these reactions may be avoided. 
The production of ether is stated to depend upon the for- 
mation of sulphate of ether, water being set free ; but 
when heat is applied the ether is expelled from the acid 
with which the water recombines. Ether is freed from 
its impurities by rectification over dry carbonate of potash. 
It is a colourless liquid, having an agreeable penetrating 
odour, and a pungent taste ; its sp. gr. is 0'720 at 60"* ; 
it fireezes at — 47% and boils at 96** ; it is very combusti- 
ble ; its vapour diffused through air or oxygen forms very 
explosive mixtures ; exposed to the air, it gradually forms 
acetic acid, absorbing oxygen from the air ; its formula 
is C*. H.. 0. 

There are several other ethers, the composition of 
which consists in a mixture of the acid employed in their 
preparation with other elements; thus, nitric ether is 
composed of hyponitrous acid with the same elements as 
exist in sulphuric ether. The various compounds of ether 
are too numerous to admit of examination here. 

Olefiant gas is one of the products of the action of sul- 
phuric acid upon alcohol; the alcohol, in the first in- 
stance, losing an atom of water, is converted into ether, 
which^ by the action of the excess of sulphuric acid, is 
deprived of the elements of another equivalent of water, 
and olefiant gas is the result — C*. Ha. 0. yielding C*. H4 
and HO. This gas is generated in large quantity by 
the decomposition of coal, pitch, oil, &c., at a red heat, for 
the purpose of illumination. It is colourless when pure, 
and bums with a brilliant white fiame, producing much 
smoke ; its sp. gr. is 980*8 ; two volumes of it combine 
with two of vapour of water to form alcohol, and with 
one of vapour of water to form ether. 

Acetic acid. The conversion of alcohol into acetic acid 
consists in the removal of two atoms of the hydi'ogen of 
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the alcohol and the addition of two atoms of oxygen. 
These actions are successive, and a substance called 
aldehyd is intennediate between the two^ the formula 
being thus; alcohol, C4. Hg, Og., by losing Hg. gives 
aldehyd C4. H^. Og., and this last, by taking O^^ gives 
hydrated acetic acid, C4. H^. 0^. Dilute acetic acid is 
obtained by distillation from the vinegar of commerce ; 
concentrated acetic acid is obtained by the decomposition 
of its salts by a stronger acid ; as by distilling one part 
of dry acetate of* soda with two parts of oil of vitriol. 
This acid is recognised by its volatility and peculiar 
odour ; it has a decided acid reaction ; its solutions are 
precipitated by the nitrates of silver and black oxide of 
mercury, forming white crystaline salts sparingly soluble 
in water ; it combines witii all the bases forming salts ; 
generally very soluble and crystalizable ; of these the 
most important are the acetates of soda, potash, barytes, 
lime, alumina, zinc, iron, lead {sugar of had), copper 
{verdigris)^ mercury, and silver. 

LigfU carbvretted hydrogen — marsh-gas, is produced 
by the decomposition of organic matter at a high tem- 
perature ; it is always found in coal-gas used for illumi- 
mination. It may be formed by passing olefiant gas 
through a red-hot tube, by which half of its carbon is 
deposited. One important source of this gas is the 
decomposition of vegetable matter in contact with water 
and excluded from the air. It constitutes ih^ fire-damp 
of coal-mines ; its formula is CHg. ; its sp. gr. 559 ; it 
biuns with a yellow flame, and has but httle illuminat- 
ing power. 

Essential oils are so named from their volatile nature 
and from their alcoholic solutions, constituting what are 
called, essences. They are obtained from the plants in 
which they exist by distillation with water, as distillation 
from the dry plant would alter their properties ; these 
oils distil over mixed with watery vapour. The various 
medicated waters are formed by being impregnated in a 
slight degree with the odour and properties of these oils. 
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Most of the essential oils exist in the plant ; some are 
produced at the moment of distillation by the decompo- 
sition of substances which did exist in the plant, as in 
the case of oil of bitter almonds and oil of mustard. 
Some essential oils by attracting oxygen produce well- 
defined acids, whilst others, by uniting with oxygen, 
form resins. One of the most remarkable of the essen- 
tial oils is that of mustard, being constituted of five 
elements, as follow: Cj,. Hg^. N^. S^. O^. Of the 
essential oils some contain oxygen and' some do not. 

Camphor, This substance is extracted from the 
wood of the laurus and dryobalanops camphora by dis- 
tiUation with water; its formula is Cgj,. Hjg. O^.; its 
properties are fiuniliarly known. 

Renins in composition and properties resemble cam- 
phor ; but they are not volatile ; without decomposition, 
and generally capable of assuming acid properties. 

Amber, A substance bearing resemblance^ in many 
respects, to the preceding, is found cast on shore on the 
coast of the Baltic, and in connexion with finagments of 
decomposing wood in the lignite beds of the north of 
Europe ; it appears to be a turpentine secretion of some 
unknown trees of an early geological epoch ; it consists 
of a mixture of two resins — a volatile oil and succinic 
€tcicL 

Fat9 and oils are fi>und extensively both in the animal 
and vegetable kingdoms. They are mixtures, as they exist 
m nature, of fatty and oily bodies in variable proportion ; 
the majority of &ts consist of two'simple fets — stearine 
and margarine, and a simple oil called olein. These 
fetty substances are termed Jixed; that is to say, they 
Mnnot be distilled without decomposition ; exposed to 
the air they attract oxygen and evolve carbonic acid, 
and, at the same time, obtain an acid reaction, and a 
peculiar smell, called rancid. The most important pro- 

^^T- ^^ ^^ ^^ *"^ ^^ ^ *^** ^^ forming soaps with 
aikalies. The soap is a true salt formed by the conver- 
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sion of the fats or oils into acid which unites with the 
alkaline base. 

Organic acids naturally existing in plants. Of these 
acids the most generally found and most important are 
tartaric acid (Cg. H^. 0^^. + 2 of water), citric acid 
(O^g. H5. Oj j. H- 3 HO + 2 of water), and mtdicacid 
(Cg. H4, Og. -f 2 HO.). Tartaric acid exists in jnost 
fruits, sometimes free, but generally combined with pot- 
ash, forming cream of tartar, or a tartrate of lime ; for 
commercial purposes it is prepared from bitartrate of 
potash (cream of tartar). This salt exists in abundance 
in grape-juice, and, being but sparingly soluble, it is de- 
posited on the insides of the casks in which wine is 
made. This important pharmaceutic preparation, tartar 
emetic, is a tartrate of potash and antimony (Cg. H^. 
Cjo. + KO. Sb O3. + 2 of water). This acid com- 
bines with bases forming many other important salts. 
Citric add exists in the juices of fruits, especially in 
those of the lemon, orange, currant, and quince ; it is 
generally prepared from lemon -juice. Malic acid exists 
in most fruits along with citric and tartaric acid ; it is 
found purest and most abundant in the berries of the 
mountain ash, and in the house-leek. 

Tannic acid, or tannin (Cjg. H^. O9. 4- 3 HO.), 
exists in the bark of most trees of the exogenous struc- 
ture, and in the greatest quantity in oak and chest- 
nut, chiefly in the inner layers of bark ; it is also found 
in the roots and leaves of some plants ; but its most 
abundant source is the gall-nut of the qtiercus infectwia, 
a species of oak. The watery solution of this acid red- 
dens litmus ; its taste is very astringent, but not bitter. 
The most important property of tannic acid is its com- 
bining with animal gelatine to form a substance insoluble 
in water, which constitutes the basis of most kinds of 
leather. An infusion, or tincture of galls, is used in the 
laboratory as a re-agent, and in certain photographic 
processes ; it does not affect the solutions of zinc, cad- 

Q 
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mium, protoxides of iron^ manganese, nor of any of the 
alkaline or earthy salts ; with solutions of lead and anti- 
mony it gives a white precipitate ; with coppw grey ; 
with tin, nickel, cohalt, silver, &c.> yellow ; with bis- 
muth orange ; with platinum green ; with gold brown ; 
and with ^roxide of iron blueish purple. The last de- 
composition constitutes the basis of wnting-ink. 
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